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1
INTRODUCTION
The idea of controlling the time of parturition in domestic
mammals has arisen in the last 15 years from the development of
techniques of estrous synchronization and from studies achieved on the
mechanism of birth.
Controlling the time of parturition is a management technique
by which a producer might reduce livestock losses at birth and/or cut
production costs.

Birth for the new-born, or parturition for the

mother is a critical time.

Controlling the time of parturition allows

the producer to exercise a constrained supervision at this critical
time, and therefore limit possible losses.
allows the producer:

Being present at birth

to rectify dystocia of presentation, to verify

the adoption of the lamb, to assure the lamb has taken colostrum and
to have an easier possibility of cross adoption of the lamb in case of
poor lactation of the natural darn.

Controlling the time of birth

allows the producer to make more efficient use of available facilities
and labor and therefore cut production costs.

Induced parturition in

conjunction with synchronization of estrus may lead to better homogeneity
of animal lots and more simplicity in the total production scheme with
a reduction of work-time.
The objective of this study was to determine the effectiveness
of once a week flumethasone treatment of ewes on days 138 through 144
of gestation for the induction and/or timing of parturition.
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REVIEW OF LITERATURE
Labor in sheep involves systems which initiate in the hypothalamo
pituitary-adrenal axis of the fetus, propagate in the fetal and maternal placenta and terminate in the smooth muscle and collagen of
the maternal uterus.

Within these limits a complex chain of events

exist which, in the past decade, have partially been delineated.
Numerous studies have been conducted utilizing glucocorticoids to
induce birth in the ovine.

The efficacy of the glucocorticoid depends

upon the developmental and hormonal state of these systems and the·
chain of events which link them.
Fetal Hypothalamus-Pituitary-Adrenal Function In Birth
Field observations .of abnormal gestational length of ewes and
teratogenic structures of fetuses followed by laboratory investigation
and experimentation with fetal pituitary and adrenal glands implicated
the fetus as the initiator of parturition in sheep.
Binns!:!. al. (1964) reported that pregnant ewes grazed on
particular alpine meadows in Idaho often underwent a prolonged
gestation.

This only occured if the ewe ingested false hellepore

(Veratrum Californicum) between day 10 and 15 of gestation.

Such

ingestation produced mu 1_tiple fetal abnormalities, including dysplasia
or aplasia of the hypothalamus-pituitary system.

These lambs could be

delivered alive by Caesarian section several weeks after the expected
date of parturition.
Hypophysectomy in the fetus (Liggins� al. , 1967; Comline et al. �
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1970; Barnes� al. , 1976) but not in the mother (Denarnur and Martinet,
1961; Bose, 1972b) prevents parturition.

Destruction of 7CY/4 or more of

the fetal pituitary by electrocoagulation results in indefinite
prolongation of pregnancy (Bose, 1972b) .

These prolonged pregnancies

were terminated by Caesarian section at intervals of up to 40 days
beyond term.
Alexander

!:1

al. (1973) reported increasing concentrations of

adrenocorticotropic hormone (ACTH) with parturition.

Plasma from fetuses

of 107 days of age or less had no detectable ACTH activity, whereas

9

out of 11 fetuses aged 130 days or more showed ACTH levels greater
than 100 pg/ml.
Where fetal hypophysectomy causes retardation of growth,

cessation of osseous development and hypoplasia of endocrine organs
(Liggins and Kennedy, 1968) ; stalk section is associated with continued
growth and development up to, and beyond, term.

&•,

Failure of parturition after fetal stalk section (Liggins et
1973) proved the involvement of the hypothalamus in the fetal

mechanism influencing parturition.
In sheep, the fetal adrenal weight doubles in the last 20 days
of pregnancy (Comline and Silver, 1961) , and the increase in size is
predominantly cortical rather than medullary.

Field observations of

sheep with prolonged pregnancy showed that this condition was
associated with congenital malformations of the fetus, and fetal adrenal
hypoplasia (Liggins, 1969a; Liggins� al., 1973) .

Fetal adrenal

hyperplasia was found in habitually aborting Angora goats· (Rensburg,
1971).

4
Adrenalectomy of the fetus but not the mother leads to prolonged
pregnancy in sheep (Drost and Holm, 1968).

From these observations

the fetal hypothalamo-hypophyseal-adrenal cortical system seemed a
strong candidate for the primary stimulus in the induction of ovine
parturition.
Corticotropin is the pituitary hormone most favored as causing
the failure of parturition after hypophysectomy�

The concentration of

corticotropin falls to low levels (<10 pg/ml) after hypophysectomy
(Johnson� al. , 1975) .

This observation does not exclude the

possibility that absence of another pituitary hormone, either alone
or in conjunction with corticotropin mediates the effect of hypo
physectomy.

Intraperitoneal infusion of 1 mg of ovine growth hormone,

follicle-stimulating hormone and prolactin into a fetal lamb daily for
eight days failed to induce labor.

The same mixture of ovine

pituitary hormones together with . 1 mg corticotropin did not shorten
the latent period from the start of infusion to delivery in three
fetuses compared to others infused with corticotropin alone (Liggins,
1969a).

These observations suggest that pituitary hormones other than

corticotropin do not contribute to the onset of parturition (Liggins
��-, 1977).
Rees� &• (1975) considered the possibility of a diurinal
:pattern in fetal secretion of corticotropin.

From their study of four

fetuses, plasma cortisol concentrations were generally higher in the
night than during the day.
Continuous intravascular or intraperitoneal administration of
.1 mg of AC�H daily to fetal lambs of more than 88 days gestation
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causes parturition on day 4 to day 7 of infusion.

At birth the fetal

adrenals weighed at least as much as those of normal lambs at term
(Liggins, 1968).
Infusion of cortisol into fetal lambs causes premature delivery
after a latent period of 48 to 72 hours (Liggins, 1968).

The

possibility exists that the action of the fetal adrenal cortex on
parturition is mediated by a mineralocorticoid rather than by a
glucocorticoid.

However, fetal infusions of corticosterone (25 mg/24

hr) or deoxycorticosterone (12.5 mg/24 hr) fail to interrupt pregnancy
(Liggins, 1969a).

Furthermore, a synthetic glucocorticoid,

dexamethasone, which has no mineralocorticoid activity, is highly
potent in inducing parturition.
mg per 24 hours are effective.

Doses of dexamethasone as low as . 06
Thus the active corticosteroid of

endogenous origin is likely to be cortisol.
The success of induction of parturition with fetal infusions of
corticotropin (Liggins, 1969a;Bassett and Thorbµrn, 1973) led to the
belief that spontaneous parturition at term follows adrenal stimulation
caused by the increased concentration of corticotropin in fetal plasma
which was a consequence of increased activity of the hypothalamus and
pituitary.

Recent measurements of corticotropin in fetal plasma have

sho�m that the prepartum rise in cortisol precedes any rise in
corticotropin concentrations (Rees� &-, 1975; Jones et al. , 1977),
suggesting only a permissive role of corticotropin in the initiation
of birth.
Liggins� al. (1977) states evidence that suggest the pituitary

6
is more actively involved.

Ad.ministration of cortisol depresses

corticotropin to undetectable concentrations in the plasma of fetuses
of less than 136 days (Thomas and Pierrepoint, 1975) yet at term the
initial rise in cortisol concentrations is not associated with a fall
in corticotropin.

Furthermore, the subsequent further rise in cortisol

is accompanied by a rising concentration of corticotropin (Rees�&·,
1975) .

To Liggins et al. (1977} this suggested ·that the threshold of

negative feedback of cortisol on the hypothalamus and pituitary may
rise �ear term, a change that could be essential to full development
of the prepartum surge of adrenal activity.
Alternatively, from measurements of fetal plasma ACTH concentra
tions during the infusion of synthetic ACTH into intact and hypo
physectcmized fetal lambs, Johnson!:.!_ al. (1975) suggested an as yet
unidentified positive stimulus to endogenous ACTH secretion which
overrides the possible negative feedback.

This stimulus by means of

increased ACTH output, amplifies the drive to cortisol secretion from
the fetal adrenal at a time when the gland's responsiveness to trophic
hormone has already risen (Challis£!_ al., 1977).
There is a gradual rise in the concentration of cortisol in
fetal plasma beginning 10 to 15 days prepartum, which culiminates in
a more rapid increase during the last 2 to 3 days of gestation
(Bassett and Thorburn, 1969).

From the baseline values of approximately

20 ng/ml, which are similar to that of the ewe, the concentration rose
to 80 to 260 ng/ml on the day of delivery.

Comline� �- ( 1970)

found a oean cortisol concentration in plasma of chronically cannulated

7
fetuses of 122 ± 2.1 ng/ml within 48 hours of parturition.

The rise

in fetal cort isol is known to be due mainly to increased production of
cort isol by the fetus (Beitins et al. , 1970; Nathanielsz

tl

al. , 1972 ;

Liggins et al. , 1973) with only small amounts of maternal origin .
Liggins� al . (1972 ) , Thorburn et al . (1972 ) and Bassett and
Thorburn (1973) , demonstrated that the fetal adrenal can be stimulated
to secrete cort isol by the continuous infusion of ACTH for 2 to 5 days
into the fetus.

The treatment ultimately leads to premature

parturition.
Challis et &· (1977) described the rise in cortisol as due to
(1) maturational changes in the fetal adrenal and (2 ) increased trophic
drive reaching the adrenal from the fetal pituitary.
At day 130 post-conception ACTH or dexamethasone will induce
delivery when administered directly to the hypophysectomized fetus.
At this stage of gestation maternally administered glucocort icoids
have lit tle effect on length of pregnancy (Li ggins, 1969a) , however,
intramuscular (IM) glucocorticoid treatment closer to natural term is
efficacious in initiating parturition (Skinner et al. 1970 ; Bose ,
1972a; Harman and Slyter , 1974) .

A mechanism of increased placental

permeability near term may explain exogenous glucocorticoids ' relative
increased effectiveness in inducing parturit ion when administ ered to
the mother closer to normal term (Challis and Thorburn, 1976 ) .
The proposed route of action of exogenous glucocort icoids have
been suggested by Bose (197 3) and Challis

tl

al. (1977) .

Intra-fetal

infusion of dexarnethasone at amounts which precipitate parturit ion

8
suppress the fetal pituitary-adrenal axis (as judged by a lowering of
fetal plasma ACTH and cortisol) implicating the fetal placenta as the
primary site of action of exogenous glucoc orticoids (Challis et al. ,

1977) . Bose (197 3) reported inhibition of cortisol secretion by
dexamethasone lasting less than 24 hours.

Thirty-two hours after

treatment cortisol c oncentration in treated fetuses was greater than
controls, demonstrating a stimulation of fetal adrenal c ortisol
secretion.

Birth can be delayed by a sec ond injection of glucoc orticoid

(Bose and Fevre, 1974) but the delay in birth is less than the hours
between injections again implicating the action of glucocortic oid on
the fetal placenta.
Liggins

tl

al. (1973) found that maternal administration of 10

mg of dexamethasone per 24 hours at day 130 depresses fetal c ortisol
concentration to undetectable levels, presumably because dexamethasone
crosses the placenta in sufficient quantities to completely suppress
fetal ACTH secretion.

Thus it is unlikely that the action of dexametha

sone is dependent on c ontinued release of ACTH as Bose (1972a) proposes ;
rather they propose that dexamethasone may require prior exposure of
the placenta to normal levels of fetal cortisol; either to facilitate
transfer of dexamethasone into the fetus or to sensitize the placenta
to the effect of dexamethasone.
Even with the large amount of research which has been done and
the many theories which have been proposed , no one factor is recognized
as the initiator of birth in sheep.

Initiation focuses around the

fetal adrenal gland and glucoc orticoid production by this organ.
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Nathanielsz � al. (1977) reported that there are no real explanations
of the control mechanisms of fetal adrenal function.

They summarized

the foregoing discussion into six possibl e methods of control :
(1) increase in the sensitivity of the fetal adrenal the last few days
of gestation to a fixed concentration of corticotropin with increased
production of cortisol, (2) increase in the quantity of corticotropin
receptors on the fetal adrenal cells, (3) increase in size of- the fetal
adrenal cortex, (4) -increase in blood supply to the fetal adrenal ,
(5) induction of the receptor subunit of the adenylate-receptorenzyme ·complex by corticotropin or (6) cortisol may in som e way affect
the development of the receptors for corticotropin on the cortisol
cell membrane.
From the foregoing discussion it is easy to see that the
mechanism by which maternally administered exogenous glucocorticoids
initiate parturition is not fully understood.

It is safe to say that

the nature of parturition makes it likely that a mechanism with several
stimuli, particularly a self-reinforcing system, will be more
successful, since an interruption to parturition may prejudice survival
of the young.
The most likely site of action of fetal cortisol is on the fetal
tissue of the placenta (Liggins

!:1

al. , 1973) .

An action within the

maternal compartment can be excluded by absence of any change in
maternal levels of cortisol during the period of elevated fetal levels
(Bassett and Thorburn, 1969) and lack of effect of large doses of
glucocorticoids administered maternally (Ada.ms and Wagner, 1970 ;
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Skinner et al., 1970) at a time (before day 130) when parturition is
readily induced by glucocorticoids administered to the fetus.
Progesterone-Estrogen-Prostaglandin F8 -0xytocin Function in Birth
In sheep, the increase in fetal cortisol production during the
last 7 to 10 days of pregnancy is closely followed by a decrease in
progesterone during the last 1 to 4 days, and by an increase in
conjugated and unconjugated estrone and estradiol-17� in both maternal
and fetal blood during the last 24 hours of gestation (Thorburn et al . ,
1972; Currie !:!_ �. , 1973).

The elevated levels of estrogen are

associated with an increase in PGF2� production, and with the onset of
act ive labor (Challis and Thorburn, 1975, 1976) .

With this temporal

relationship in mind the following discussion will consider the
sources, functions and interrelations of progesterone, estrogen, PGF2 c:(

and oxytocin during the birth process.
Progesterone.

Progesterone production in the pregnant sheep

is derived from the corpus luteum during the first 50 days of pregnancy
(Denamur and Martinet, 1955) but thereafter the development of placental
endocrine function results in an increased secretion of progesterone
(Linzell and Heap, 1968) making the placenta the major source of
progesterone in the sheep after day 50 (Anderson et al. , 1975 ) .
It has gen erally been thought that a decrease in the circulating
concentration of progesterone and withdrawal of its inhibitory effects
on myometrial activity play an important part in the initiation of
parturition (Csapo, 1961) .
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Bassett

2l al .

(1969) reported a decrease in the concentration

of progesterone in peripheral blood during the last few days of normal
pregnancy from values of 7 to 11 ng/ml to values of .5 to 1 .0 ng/ml
on the day of parturition.

Similar changes are reported by Fylling

(1969, 1971) and Thorburn � al . (1972).
Progesterone levels in peripheral blood and uterine venuous
blood fall during infusion of either ACTH or dexamethasone into the
fetal lamb, and on the day of premature parturition the mean concen
tration is approximately the same as in ewes in labor at term ( Liggins ,
1969b; Liggins � al . , 1972; Thorburn

21 �. ,

1972).

Liggins _tl al . (1972) investigated the role of decreasing
progesterone levels in induced parturition.

With a daily dose of 100

mg or less, - progesterone does not delay parturition.

The adequacy of

dosage was assessed by both serial assay of progesterone in peripheral
plasma and by measuring the concentration in the myometrium when labor
was started .

Liggins (1973a) later noted that parturition occurs

without delay even when the amount of injected progesterone is •
sufficient to fully compensate for diminished placental secretion.
Bengtsson and Schofield ( 1963) observed that labor at term was not
delayed by daily doses of 80 mg of progesterone for a week before
term .

With a daily dose exceeding 200 mg, progesterone completely

inhibits uterine contractions and delivery fails to occur.

Similar

observations were made by Bengtsson and Schofield (1963) with normal
sheep.

With an intermediary dose of progesterone ( 150 ng/ml) the onset

of labor was not delayed, but cervical dystocia occurred and labor is
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greatly protracted ; usually the membranes ruptured and intrauterine
infection occurred.
C sapo (1969) postulated a local action of placental progesterone
on the myometrium to explain absence of effect of large doses of
progesterone.

The anatomy of the placenta and myorn etrium does not

allow the direct transport of progesterone from the trophoblast, where
it is synthesized, to the myometrium (Short, 1969).

Whereas, local

effects on tissues contiguous with the trophoblast are more feasible
( Liggins, 1973a).
Liggins ( 1973a) explained the difference in effects of increasing
concentrations of progesterone as due to the concentration attained
in the maternal placenta.

The maternal placenta is exposed to high

concentrations of progesterone as it passes through maternal tissues
from the trophoblast, where it is synthesized, to enter the maternal
circulation.

Under these conditions a fall in placental production

of progesterone could cause a marked fall in the concentration of
progesterone in the maternal placenta such that it could be compensated
for only by relatively large doses of progesterone.
Estrogen.

Early views of estrogen appearance favored the concept

of the fetal placental unit in which estrogen synthesis was dependent
on precursors formed in the fetal and maternal adrenals (Challis , 1971;
Davis and Ryan , 1972).
v.ith these views.

Evidence accumulated that was not consistent

Induction of labor with dexamethasone is associated

with concentrations of estrogen as high as those observed in term
labor (Flint� � - , 1976), yet dexamethasone fully suppresses
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adrenal function (as judged by the plasma cortisol concentration
(Thomas and Pierrepoint , 1975).

Estrogen concentration is similarly

increased by dexamethasone in adrenalectornized fetuses (Flint et �-,
1976).

It is now accepted that the term placenta is responsible for

the fetal synthesis of estrogen.
During pregnancy low concentrations of estrogen are measured
in the maternal circulation, and appreciable concentrations are
present in fetal blood (Cox, 1975).

Fetal estrogen exists primarily

in a sulpho-conjugated form, rather than as free estrogens, and the
quantitatively major steroids are estrone and estradiol-17 <:(.

Maternal

estrogens occur both in the conjugated and unconjugated form ( Currie

tl al. ,

1973) and an appreciable portion is free estradiol-17 �

(Liggins et al. , 1972; Thorburn

.tl

al. , 1972; Robertson and Smeaton

1973).
Before day 120 the concentration of unconjugated estrogens in
peripheral plasma of pregnant sheep is low, less than 20 pg/ml, it
increases slowly to 25 to 35 pg/ml 5 days before term ( Challis, 1971 ) .
A peak of unconjugated estrogens appears 16 to 24 hours before ·
parturition, and values reach 75 to 880 pg/ml (Challis, 1971; Obst and
Searnark, 1972; Thorburn .£1 al. , 1972).

The rise in the concentration

of estrogen in the maternal circulation on the day of parturition is
of fetal placental origin since a similar change has been observed in
the ovariectomized ewe ( Bedford et al. , 1972).

Ainsworth and Ryan

( 1966) and Findlay and Seamark ( 1973) have determined that estrogens
in the fetus and ewe are synthesized in the fetal component of the
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ovine placenta.
The sharp increase in estrogen synthesis found within 60 hours
before d elivery ( Challis, 1971; Bedford et al. , 1972 ; Thorburn et al. ,
1972; Robertson and Smeaton, 1973) occurs after the rise in fetal
cortisol which begins within approximately 120 hours before parturition.
Heap et al. (1977) proposed that the fetal cortisol surge is
the signal that transforms placental steroidogenesis from a pathway
that is directed predominantly toward progesterone to one of estroge�
synthesis, and it is now apparent that the prepartum estrogen surge
reflects increased production of estrogen precursors as a result of
glucocorticoids inducing enzymes capable of metabolizing progesterone
locally into steroids which can be converted to androgens which are
the estrogen precursors (Anderson � al. , 1975 ; Steele � al. , 1976) .
The myometrial response to administered estrogen was described
by Hindson and Ward (1973) .

They found that in midpregnancy an

intramuscular inj ection of 20 mg stilbesterol was followed by delivery
in 6 out of 13 sheep, the remaining seven animals expressed uterine
contractions which regressed without delivery.

N ear term ( 136 to 141

days) the same treatment caused delivery in 8 out of 12 sheep.

A

latent period of 24 hours before uterine activity started was seen in
all sheep whether or not delivery occurred.

Liggins et al. (1973) gave

stilbestrol, 20 mg, to 11 sheep at maturities ranging from 108 to 142
days of gestation.

Uterine pressures were recorded, and blood samples

were taken at intervals from cannulas in the maternal jugular vein and

uterine vein.

The response to oxytocin was d etermined immediately

15
. before inject ion of stilbestrol and again 12 hours and 24 hours lat er .
Single ."intravenuous inj ections of oxytocin were given at increasing
doses at int ervals of 10 minutes until a respons e was recognized on
continuous records of intrauterine pressure.
The thres�old dose of oxytocin aft er stilbestrol inj ection of
12 hours was approximately 10'/4 of the initial value and was slightly
lower at 24 hours .

Spontaneous ut erine activity appeared at 12 hours

in some animals and by 24 hours in all of them .

The concentration of

progest erone both in peripheral blood and ut erine vein blood showed
no significant change.

The cervix did not dilat e with continued

uterine -activity in nine of the animals, but in two , both b eyond day
135, normal parturition occurred 40 hours aft er the inj ection of
stilbestrol.
These r esults show that estrogens induce uterine contractions ,
and - sometimes labor, without a concomitant fall in the concentration
of progest erone.·

Ut erine activity started 12 t o 24 hours aft er

estrogen administration which is similar t o the lat ent p eriod between
the peak in unconjugated estrogen and spontaneous labor at term.
Estrogen treatment markedly increases the sensitivity of the myometrium
to oxytocin.
is uncertain.

The mechanism by which estrogen activat es the myometrium
However, it has been shown that estrogen stimulat es

release of prostaglandin F2 .::x- (FGF2�) and it has been proposed that the

stimulatory effects of estrogen are mediat ed by roF2 oc (Liggins � al. ,
1973).
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The mechanism of estrogen action proposed by Bedford � al._
(1972) involves the inpreasing amounts of estrogen reducing the effect
of the "progesterone block" on the myometrium.

Estrogen may even be

involved in the release of oxytocin (Bengtsson and Schofield, 1960).
Heap � al. _ (1971 ) has even proposed estrogen in the increase in
permeability of some membranes.
The primary site of action of estrogens in the past has been
recognized as the myometrium. Logically, if the myometrium is the
primary site of maternal estrogen action_, then in twins, it should
not matter which twin stimulated the onset of labor.

Such is not the

case , when one of the twin fetuses is stimulated with estrogen,
without exception , the treated fetus delivered first, and delivery of
the second was delayed up _ to 4 hours (Liggins et al., 1977).

Therefore,

estrogen must act close to its site of synthes is, and even only within
the placenta as suggested by morphological changes in the placenta
after estrogen administration (Bosher and Liggins, 1974).
Prostaglandins.
be prostaglandin F2«:.

The next link in the birth process appears to
Not only is there a close temporal relationship

between the prepartum increases in utero-ovarian concentrations of
estrogen and RJF 2 ..-,c (Currie et al., 1973 ; Flint et al. , 1974) a,n.d both
increases relate closely to the development of uterine activity
(Rawlings and Ward , 1973; Prud ' homme and Bose, 1977) ·
•
In the past the stimulus to prostaglandin release was suggested

--

--

to be estrogen (Challis et al., 1972 ; Liggins et al., 1972) and
presently a considerable body of evidence has accumulated to support
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this theory (Liggins et al., 1977).
The concentration of PGF 2 � in the maternal placenta is raised
about three fold 24 hours after dexamethasone infusion ( Liggins et al . ,
1 972 ) .

When labor begins the concentration of PGF2 Q( in the maternal

placenta rises further and is accompanied by an increase in PGF 2 c< in
myometrial tissues , whereas the concentration in the fetal placenta
remains low .

Liggins et al . (1 977) suggests that the maternal placenta
°

may be the source of FGF 2 � active during the init iation of parturition
and that roF 2 Q( of myometrial origin may be more important in the
maintenance of uterine activity.

These observations are consistent

with the findings by Flint � al. (1974) in ewes delivering at term.
They observed a rise in roF2 ..)( concentrations in utero-ovarian veins

some hours before uterine activity developed and a further increase

with the onset of labor.
Liggins�
·
al. (1977) compared placental and n on-placental
sources of PGFz� in blood samples obtained simult aneously from a
cotyledonary· vein and a utero-ovarian vein before and during estrogen
treatment and oxytocin administ ration.

Their results indicate that

the cotyledon is the source of e strogen-stimulated release of PGF26'•
The myometriurn is the ma jor source of oxytocin-stimulated release of
roF2oe

But regardless of origin, Csapo (1977) now considers FGF 2'-X as

the intrinsic stimulating factor of the myometrial cell.

Whereas,

Liggins� al. (1972) recognized the stimulating character of PGF 2

and attributed this characteristic to a change in · the sensitivity of
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the uterus to oxyt ocin.
Liggins et al. (1972) reported increases in estrogen stimulating
the release of PGF2o{ with the PGF 2C<.- in turn stimulating the release of

estrogen, thus causing a positive feedback and a dramat ic increase in
estrogen and PGF in the myometrium.
As already mentioned, a second potent st imuli t o uterine
release of PGF is oxyt ocin.

The response can be elicited either by

infusi on of oxyt ocin or by oxytocin release st i mulated reflexively d�ing
vaginal palpation (Flint
Oxytocin.

tl

al. , 1974, 1975 ; Mitchell et al., 1975).

Low concentrations of oxyt ocin during pregnancy are

recorded in the ewe (3 pu/ml) , but higher values are detected one day
prior t o parturition and a sudden rise with very h igh values (1503000 µu/ml) are recorded during delivery (Fitzpatrick, 1961 ; Chard ,
1972) .

Oxytocin release is also controlled h ormonally by progesterone,

inhibiting release ; and estrogen, enhancing oxytocin release (Hindson

tl ·&• ,

1969 ; Roberts - and Shore , 1969 ; Hindson and Ward, 1973) .

Progesterone-estro%en-prostaglandin-oxytocin
Progesterone is involved in the control of FGF synthesis,
however, its role is less clear.

Estrogen administration raises PGF

concentrations in the presence of stable progesterone concentrat i ons
in utero-ovarian and peripheral blood, yet simult aneous administration
of estrogen and large doses of progesterone prevent release of ffiF
(Liggins !:!. al., 1973) .
Liggins (1973b) compared the concentrations of roF in the
maternal placenta, myometrium and uterine venuous blood after fetal
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administration of dexamethasone in control and progesterone treated
(200 ng/24 hr) ewes.

The PGF was elevated equally in the tissues of

the treated and untreated ewes, but PGF rose in the uterine venuous
blood of the untreated group, but levels remained low in the pro
gesterone treated group.
Currie (1977) treated ewes with physiological amounts of
estradiol-17 � and induced labor with a concomitant release of
prostaglandin F2 � from the uterus and notable softening of the

cervix.

The labor initiated in this way progressed to the second

stage with fetal delivery only if progesterone levels are somewhat
reduced from the maximum levels of pregnancy.
Summarizing the physiological changes occurring after exposure
of the placenta to either endogenous or exogenous glucocorticoids
includ e :

(1) a slow decrease in prog esterone production by the fetal

placenta (2) a sharp increase in estrogen production by the fetal
placenta (3) a dramatic increase in FGF2� production by both the

maternal plac enta and uterine myometrium and (4) a dramatic increase
in oxytocin by the pituitary during delivery.
Glucocorticoid Application As ! Tool In Controlling � of Birth
Three synthetic glucocorticoids have been tested:
flumethasone and betamethasone.

dexamethasone,

The two main factors which affect the

response to the treatment are the dose and the actual time of its
administration.

Cortisol acetate was the first glucocorticoid

administered maternally which induced birth.

Rensburg ( 1967)

administered 25 mg of cortisol acetate on day 14o of gestation to a
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Merino ewe; premature birth occurred within 2 days and the lamb
survived.
Dexamethasone was tested by Liggins ( 1969b) for induction of
birth when administered to the ewe at a rate of 4 mg per 24 hours.
The two ewes tested were at day 100 and 109 at gestation , consequently
induction did not occur.

Adams and Wagner (1970) did induce birth

with dexamethasone (10 or 20 mg) in two of eight ewes injected on day
133 to 139 , the ewes lambed within 72 hours after in jection .

Nine of

15 ewes injected on day 140 to 142 lambed within 72 hours of injection.
Day of inj ection was established as a factor in determining the
percent response.
In an attempt to establish an effective dosage level of
dexamethasone Fylling ( 1971) inj ected ewes with either 4 , 6 or 10 mg
daily.

Treatments began on day 133 of gestation with birth occurring

within 4 to 5 days with the 6 and 10 mg dose.
after 6 days of injection at the 4 mg level.

Induction did not occur
A total dose of 24

milligrams or a daily dose of six milligrams of dexamethason c appears
to be necessary for induction .
Bose (1972a) administered intramuscularily ( IM) to ewes a
single dose of dexamethasone , (4 , 8 or 16 mg) on day 144 post
conception.

Higher levels (8 or 16 mg) induced parturition within a

mean of 47.27 ± 7.28 hr and 45. 04 ± 12. 38 hr , respectively.

The lower

level (4 mg) induced birth in 80.62 � 44. 04 hr , compared to 114. 31 �
44.29 hr for the controls.

When the dose was sufficiently high , the

variability in the time of lambing , was reduced.

Also , 7536 of sheep
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treated with 8 or 16 mg of dexa�ethasone · lambed in less than 24 hours,
while the lambine time of those ewes receiving only 4 mg was as long
as for the controls , the higher dose of 16 mg appeared t o be most
efficacious .
Bose (1972a) also studied day of treatment .

A 16 mg dose of

dexamethasone was injected on either day 142, llf3 or 144 .

Injection

to parturiti on interval was 54 . 11 ± 31. 74 hr for day 144 treatment,
52. 66 ± 8 . 22 hr for day 143 treatment and 80 . 77 ± 5 7 . 22 hr f or day
142 treatment .

The mean - date of lambing took place two days earlier

for the ewes treated on day 142 but lambing was spread over more hours
(P<. 05) .
treatment .

Thus, the spread of lambings is dependent upon the day of
The effectiveness of treatment increases as the normal

time of lambing approaches .
Flumethasone, a more potent glucocorticoid , was first tested
in sheep by Skinner

tl �·

(1970) .

Sixty purebred and crossbred

Karakul ewes were divided into four groups .

Treatment levels of

flumethasone were 1 . 5 mg , 1 . 0 mg and . 5 mg and . O mg (control)
administered on day 138 of gestation .

Sixty percent_ of the treated

ewes lambed within sixty hours of injection .

Gestation length was

shortened by seven days, 141 . 3 ± .58 days (n = 15) for treated ewes
with 149 . 7 ± 1 . 31 days (n = 15) for controls .

Lengtr. of gestation

was 142 . 5 ± . 67 days ( n = 15) at the . 5 mg level .

Three additional

ewes treated on the same day at the . 25 mg level did not react to the

injection, indicating the .5 mg level to be the minimum effective d ose .
Emady !;i al . (1974) reported 4 or 5 stillborn lambs from three
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ewes injected with 2. 5 mg flumethasone daily on days 125, 126 and 127
of gestation.

When ewes were injected with a single dose of 1 mg or

2. 5 mg on day 138 of gestation lambing occurred in 115. 10

+

(n = 15) and 56.25 ± 11. 62 hours (n = 15) , respectively.

A dose of

2. 5. mg flumethasone on day 140 resulted in lambing 44. 94

±

32. 62 hours
13. 85 hours

(n = 10) after treatment, the mean duration of pregnancy being 141 . 77
± . 66 days (n = 10) for treated ewes and 144. 80 ± 1. 81 days for the
control.

.o

Harman (1975) tested flumethasone at . 5 mg, 1. 0 mg, 1. 5 mg and
(control) levels on day 141 of gestation.

Only, 22 percent of 9

ewes injected at the .5 mg level lambed in 72 hours after injection
(28.00 ± 27. 02 hr) .

Thirty percent of 9 ewes injected at the 1. 0 mg

level lambed in 72 hours (29. 80 ± 6.08) .

In a later study, Harman

(1975) tested flumethasone at 2. 0 mg injected on day 141 in 39 ewes.

Eighty-nine pe.rcent lambed in 72 hours, with an average response

interval of 50. 9 ± 2.3 hours, compared to 7-7 percent for controls.
The 2 mg level increased the percent response and decreased the
variability in response (P<.01) .
Betamethasone, a synthetic glucocorticord, with a potency similar
to flumethasone proved to be effective in birth induction (Lucas and
Notman, 1974) .

Fifteen ewes treated, between days 130 to 14o of

gestation, with 10 mg or 8 mg of betarnethasone all lambed between 24
and 69 hours after injection.

Twenty-three ewes treated on day 14o

with 10 mg or 8 mg of betamethasone all lambed between 33 and 48 hours
after treatment.

Eleven ewes were treated on day 14o with 10 mg, 8 mg,
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6 mg or .O mg (control) . Lucas and Notman (1974) reported no apparent
difference in treatment to parturition for the different levels of
betamethasone.
72 hours.

Lambing for the treated groups was completed within

The controls lambed over 135 hours.

Eleven ewes treated on

day 139 with 6 mg betamethasone lambed over a 5 day period.

The

authors suggested a higher dose would be more effective on day 139.
Other factors which may influence the efficacy of glucorticoid
induction of parturition in sheep include:

breed, weight , age and

parity of ewe; number , weight and sex of lambs ; route , time of day and
number of glucocorticoid administrations; and combinations of
glucocorticoid and other active inducing agents.

These topics will

be considered next.
Bose (1972a) , utilizing two breeds ( Ile-de-France and Prealpes )
reported no difference (P >. 05) in response.

Harman (1975) utilized

five breeds (Purebred Columbia and Hampshire , Suffolk, Targhee ,
Suffolk x Targhee and Finn cross) reporting no breed effect (P). 05)
on the treatment to parturition interval.

Ewe weight had no apparent

affect on the treatment to parturition interval with betamethasone
(Lucas and Notman , 1974) .

Ewe weight affect on hours to lambing ,

analyzed by multiple regression (Harman , 1975) showed no significant
influence on R2 (P>. 05) .

Age and parity of ewe have no significant

affect on treatment response (Harman , 1975; Shevah, 1974).
in contrast to Skinner

tl �-

This is

(1970) , who reported maiden ewes

appearing to react more quickly than multiparious ewes.
Number of fetuses had no influence on variation of response to

24
dexamethasone (Bose, 1972a).

However, Shevah ( 1974) noted ewes carrying

triplets and quadruplets lambed on the average 10 hours earl ier than
those carrying singles or twins. Harman (1975) reported conflicting
results . from a two year study.

In 1973, type of b irth significantly

increased R 2 (P (.05), whereas in 1974 addition of type of birth to
the multiple regression equation did not significantly affect R2
(P>.05).

Lamb birth weight had a significant affect on hours from

treatment to part�rition (P<.05) .
Sex of lambs had no affect on the treatment to parturition
interval (P). 05) as reported by Bose (1972a).

However, Harman (1975)

reported a significant influence of sex of lambs on hours from
treatment to parturition (P (.05) as measured by multiple regression
analysis.
Route of administration, either intravenous (IV) or IM, did not
significantly affect (P>.05) hours from treatment to parturition
(Harman, 1975).

An affect of time of day of treatment administration

on hours to parturition and period of day (6 am to 6 pm or 6 pm to
6 am) when lambing occurred was reported by Bose (1972a) and Shevah
(1974).

Bose (1972a) noted a larger percentage o f births (74.4)

between 6 am to 6 pm when ewes were injected at 8 pm as compared to
39.4 percent for controls injected at 8 am.

However , Shevah (1974)

reported an equal distribution of lambing between the two periods.
Bose (1973) later reported percentages of 71.1 and 61.39 for day time
lambing when ewes were injected at 8 pm in 180 ewes lambing in March
and April and 158 ewes lambing in September and October, respectively.
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Multiple doses of glucocorticoid va:ry in response according to:
day of administration, interval between inj ections and dosage of
treatment .

When two inj ections are given 18 hours apart, the first

on day 144, the second inj ection brings about a retardation in birth
of a f ew hours in relation to those births influeced by a single
injection (Bose, 1973) .

But wh en ewes are treated with the first

injection on day 143 and the second 18 hours later a better groupage
of births occur then if only one injection is given on day 143.

Ewes

given a diminished dose of dexamethasone on day 142 followed by a
second injection 48 hours later also demonstrated a better groupage
of births than control ewes with no treatment and ewes treated with a
single injection on day 142 (Bose, 1973) .
Flumethasone administered in two injections, 1 .5 mg each , 18
hours apart, the first on day 139, induced birth 45 . 9 hours after the
first treatment in six ewes (Wyk

tl al. ,

1972)

•
Flumethasone and other active inducing agents have been tested

by Wyk !:!_

El.•

(1972) .

In combination with estrogen birth was induced

38 . 3 hours after the first inj ection on day 139 .

Lindahl and Terrill

(1974) tested two injections of flumethasone on day 136 a.� d day 140
after conception.

In addition, oxytocin was given intramuscularily

at 24 hr . intervals beginning on day 141 until the ewe lambed .

The

treated ewes lambed on the 141 . 6 ± 1 . 6 day of gestation while the
control ewes lambed on the 146 . 9

:I:

3 . 1 day (P (. 01 } .

Dystocia , retained placenta and delayed or inhibited milk
production did not occur at higher frequen cies in treated ewes compared
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to control ewes (Adams and Wagner, 1970; Skinner

!:i

al. , 197 0; Bose,

1 972a; Emady � �- , 1974; Shevah , 1974; Harman, 1975).
Future fertility of ewes induced to give birth was reported to
not be affected (Emady et

21•

1974) however, in one group an average

of 2. 09 ± 1. 04 services per conception was necessary for induced ewes
compared with l. 63 ± 1. 02 for the non-induced ewes.

The author stated

that these figures are disturbed by the fact that the ewes in the
control group showed their first behavioral estrus slightly later than
the others.

Bose (1972a) stimulated ewes ( lambing by induction in the

previous gestation) out of season with progesterone and PMSG treatment.
Percent pregnant for all levels of dexamethasone were as high or
higher than controls.
The birth weight of lambs from induced ewes is slightly lower
(Emady et �- 1974) or unchanged (Bose , 1973).

Skinner 2.!_ al. , (1970)

reported a reduction in birth weight (P(. 001) in all Karakal lambs
born by induction compared with control, 3. 6 ±
. 17 kg, respectively.
treated groups.

. i9

kg verses 4. 2 �

Lamb mortality is generally reduced in the

Bose (1973) reported results of field studies

utilizing the induction technique with a decrease in mortality from
15.2 percent to 4. 9 percent.

Emady �

&·

(1974) reported no difference

in mortality and Shevah (1974) decreased mortality from 9.5 percent
in controls to 5 percent in the treated group.

Lamb gains are also

not affected by treatment (Skinner � �-, 1970; Bose, 1972; Emady�
.!!_. , 1974; Shevah, 1974).
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MATERIALS AND METHODS
This study was conducted to determine the efficacy of flumetha
sone as an agent to induce parturition in late gestating ewes.

The

ewes utilized in this study were maintained at the University Sheep
Unit, Brookings, South Dakota and were involved in production studies .
Breeding Procedure
A total of 907 ewes were exposed to rams over the three years
of this study ; 341 in 1974 (August 20 through October 21), 233 in 1975
(September 9 through October 21) and 333 in 1976 (September 9 through
November 4).
All ewes were fed three-quarters of a pound of corn grain
daily for two weeks prior to the start of breeding and flushing
continued for two weeks into the bre eding period.
Table 1 presents the distribution of number of e wes by age,
breed and year of study for all ewes found to have a correct breeding
date.

All e·wes were exposed for five weeks.

Rams with grease paint ed

briskets were either with the ewes continually or turned out nightly
with their respective flock .

Breeding dates were recorded daily.

Brisket paint color was changed every 14 days to distinguish between
breeding dates.

The last observed marking date was considered to b e

the ewe ' s date of breeding .

Date of breeding was determined in a

total of 691 ewes over the three year period.

The breeding date was

acc epted t o be corr�ct if the ewe lambed within 138 to 158 days after
the recorded bre eding dat e.

Correct breeding dat es were recorded for

TABLE 1 . DISTRIBUTION BY AGE , BREED AND YEAR
OF ALL EWES WITH CORRECT BREED ING DATES

A!S!_

Purebred
Finn-X
1974 _ 1975 _ 1976 __ 197I�

1

Suffolk
Targhee
1974 _ -�1_27(_ _l 9'"15__ _ 1 9 76

11

2

2

7

6

16

14

7

3

2

9

10

12

3

4

5

6

5

3

9

5

2

3

5

6

1

2

2

7

1

9

. 1

2

13

2

11

Suffolk-XTarghee
1974 _ 1975 1976

14

6

31

Finn-XTarghee
1976

26

55

65

8

10
11

l

r\)

co
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368 ewes over the three year period.
Treatment
Treatments were administered every Wednesday morning between
the hours of 8: 00 to 9: 30 am.

Treatment began the last week in

January and continued through the third week in March with each ewe
being treated only once on the Wednesday when her calculated gestational
age was on or between 138 to 144 days after breeding .

Ewes that did

not respond to treatment were not treated again.
All ewes with gestation lengths within this time interval , on
a given Wednesday, were randomly allotted to one of two treatment
groups.

The first treatment group received 2 mg of flumethasone in

4 cc volume.

The second treatment group received the control treatment

of physiological saline, .9 percent, in 4 cc volume.

At the time of

treatment ewes were weighed, inspected for adequate mammary develop
ment for that late stage of gestation and injected intramuscularily
(IM) in either rear leg with their respective treatment.

Ewes with

inadequate mammary development at the time of treatment were not
injected.

Of these ewes, some lambed prior to the clean-up injection.

The remainder were included in the clean-up group.
Clean-up Group Designation
Pregnant ewes ( as determined by mammary development) , with no
known breeding date that had not lambed 14 days prior to 148 days
after the rams were removed from the flock, were designated as clean
up ewes.

All clean-up ewes (21 total) were injected at this time with
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2 mg of flumethasone.
Data Collection
After treatment ewes were placed in a separate lot until birth .
Ewes were observed at a maximum time interval of 4 hours for
, parturition.

After parturition the ewes and her lamb(s) were penned.

Lambs were ear tagged, their navals were dipped in iodine and each
lamb was weighed.

Data collected were prelambing ewe weight (at time

of treatment), date and time of lambing , lambing score (1 - no
difficulty, 2 - slight difficulty, 3 - pulled, 4 - pulled, great
difficulty), number and sex of lambs, weight of lambs at time of
birth, ewe milking score (1 - normal, 2 - lacking milk, 3 - injured
or bad bag, 4 - bad bag) and ewe cleaning score (1 - completely
cleaned - no problems, 2 - moderate amount of time cleaning--up to 3
hours , 3 - long period of time cleaning--3 to 6 hours, 4 - did not

clean--needed assistance).
Data were analyzed with -analysis of variance using the least
squares procedures and multiple regression (Steel and Torrie, 196 0) .
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RESULTS AND DISCUSSION
This experiment was designed to determine the effectiveness of
once a week flumethasone treatment of ewes on days 138 through 144 of
gestation for the induction and/or timing of parturition .
Breeding Phase
The ability to effectively grou p ewe births depends upon the
recording of correct breeding dates.

Percent correct breeding dates

of the number of ewes lambing was 74 . 4, 51.4 and 75 . 9 for 1974 , 1975
and 1976, respectively (table 2).

The literature is lacking in data

reporting the correctness of field collection of sheep breeding dates.
The lower percentage for 1975 may be due to the fact that different
persons recorded dates on consecutive days with possible errors
occurring due to lack of recognition of a previous breeding mark .
Induction Phase
Least squares analysis of variance for hours from treatment to
parturition indicated a difference (P (. 01) between treatments and
between day of gestation when injected (table 3).

Data in table 3

also indicate that breed of ewe and type of birth (single/multiple)
did not affect ( P>.05) hours from treatment to parturition .

Bose

( 1972a) and Harman (1975) also reported no (P>. 05) breed affect on
the treatment to parturiti on interval.

Number of fetuses was shown by

Bose (1972a) to not affect hours from treatment to birth .
Least squares analysis was limited to main effects and two
way interactions due to the large amount of unequal classes of ewes

TABLE 2.

PERCENT CORRECT BREEDING DATES OF NUMBER OF EWES WITH RDJORDED DATES ,
NUMBER OF EWES LAMBING AND NUMBER OF EWES RECORDED AND LAMBING

% correct

l.e a:r

No . of
ewes
exposed
t o ram

No . of ewes
with recorded
breeding dates

No . of
ewes .
lambins

No . of ewes
with recorded
breeding dat es
that lambed

No . of ewesb
with correct
b re eding dat es

no . correct
no. rec orded

1974

341

231

137

134

102

44 .2

133

90

208

1 73

Breeding

1975

1976

233

33 3

173
287

1 75

228

ewe breeding dat es
n o . correct
no . correct n o . recorded
no . lar.ibing a.nd lambi ng;

52.0

74. 4

76. 1

51. 4

60.3

75 .9

83. 2

6 7. 7

i\/hen multiple breeding dates were recorded the last date was uaed as dat e of breeding.
bBreeding dates were considered correct if the ewe lambed between 138 t o 158 days after the recorded breeding dat e .

\,,J
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by age, yea:r and breed.

Analysis revealed no (P> . 05) interaction

between breed of ewe , treatment , type of birth and day of injection
(table 3) .
TABLE 3. LEAST SQUARES ANALYSIS OF VARIANCE F OR HOURS
FR0H TREATMENT T O PARTURITION AS AFFECTED BY
BREED , TREATMENT , TYPE OF Bl'"RTH
AND DAY OF IllJECTION
Source of
variation

df

MS

Breed
Treatment
Type of birth
Day of injection
Breed x treatment
Breed x birth
Breed x day of injection
Treatment x birth
Treatment x day of injection
Birth x day of inj ection
Remainder
Total

5
1
1
6
5
5
27
1
6
6
307
371

8089. 655
211649. 429* *
24.352
15884. 083* *
3259.775
8808. 556
3492. 746
4854 .762
7350. 771
3537.740
4843.873

Flumethasone treatment resulted in a shorter (P). 01) average
interval from treatment to lambing than saline ( control) treatment
(table 4).

Nean hours from treatment to parturition for control and

flunethasone treated ewes was 155. 1 ± 7. 9 and 86 .7 ± 8. 0 hours,
respectively.

The shorter time observed from treatment to parturition

as a result of flurnethasone treatment agrees with work by Skinner et
al. (1970), Ernady � �. (1974) and Harman (1975).

TABLE 4 . LEAST SQUARE MEAN HOURS FROM TREATMENT TO
PARTURITIOO FOR BREED OF EWE, TYPE OF TREATMENT ,
TYPE OF BIRTH AND DAY OF INJECTION
Parameter

No. ewes

Hours
(X ± SE)

Breed of ewe
Purebred
Finn X
Suffolk
Targhee
Suffolk x Targhce
Finn x Targhee

21
146
51
26

142. 8
111. 0
132.4
127. 0
110. 6
101. 7

Type of treatment
Saline (control)
Flumethasone

185
186

155. 1 -+ 7.9a
86.7 :!: 8. o b

Type of birth
Single
Multiple

155
216

120.5 + 9. 3
121. 3 + 7.5

Day of inje c tion
138
139
140
141
142
143
144
a, b

c

8?

4o

4-0

59
68
66
49

44
45

:!:
:!:
:!:
:!:
:!:
:!:

8. 9
18 . 4
20.6
6. 6
12. 9
15. 6

-

167. 2
139. 6
112. 4
118 . 0
122. 0
99.9
87.1

- 16. 3: b

+

:!:
:!:
:!:
+
+

12. l
bc
14. 7b
12. 3a ?oc
13. o c
+ 13. lbc
- 17. 8

, Means within parameters with different superscripts are
signifi c antly different (P,.01) .

►
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Average interval from treatment to delivery decreased as the
day of gestation when in j ected increased (table 4) .

Average int erval

was longest for ewes injected on day 138 of ges tation (167. 2 : 16 .3 hr)
and shortest for those injected on day 144 ( 87 . 1 � 17 . 8

hr ) .

Figur e 1 presents the accumulative percentage of ewes lambing
by hours post-treatment .

Flumethasone treatment of ewes (n = 185) is

seen to produce a much higher accumulat ive percentage of ewes lambing
from 36 to 72 hours than saline (control) treated e wes (n = 154) .
Accumulative percentages lambing for saline and flumethasone treated
ewes are similar up to 24 hours aft er treatment as s e en in figure 1 .
Bose � !:!• (1977) described inhibition of cortisol secretion by
dexamethasone lasting 24 hours in the fet us.

Likewise, lack of

response to flurnethasone in the first 24 hours after treatment may be
due to a similar inhibition of fetal cortisol s ecretion due to the
presence of high lev els of exogenous glucocort icoid .
Independent analysis of saline treat ed ewes for factors
affecting variation in hours from treatment to parturition r evealed
no significant (P> .05) main effects or two-way interact ions of the
parameters st udied (table 5) .

Least squares mean hours from treatment

to birth for each bre ed of ewe, type of birth and day of injection for
saline treat ed ewes is present ed in table 6.

Day of injection did not

(P> .05) affect hours from treatment to birth for saline treat ed (control)
ewes .

Small er number of ewes on day 138 may indicat e the selection ( by

the existance of mammary development) of a population lambing in less
hours than a normal population .

Also , no doubt , several day 143 and
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TABLE 5 . LEAST SQUARES ANALYSIS OF VARIANCE FOR HOURS
FROM TREATMENT TO BIRTH AS AFFECTED BY BREED , TYPE
OF BIRTH AND DAY OF INJFiCTION FOR SALil-!E TREATED EWES

Source of
variat ion
Breed
Type of birth
Day of injection
Breed x type of birth
Breed x day of in jection
Type of birth x day .of injection
Remainder
Total

df

5
1

6
5
25
6
135
184

MS

4296 . 996
5351 . 990
9083 . 929
8776 . 700
4256 . 337
4770 . 864
5345 . 064

TABLE 6 . LEAST SQUARES MEAN HOURS FR0�1 TREATMENT T O
BIRTH FOR BREED OF EWE , TYPE OF B IRTH AND DAY
OF IlIJECT ION FOR SALINE TREATED EWES
Parameter
Breed of ewe
Purebred
Finn X
Suffolk
Targhee
Suffolk x Targhee
Finn x Targhee
Type of Birth
Single
Multiple
Day of injection
138
139
140
141
142
143
144

No . ewes
12
16
9
74
28
45
82
102
21
30
29
31
22
24
27

Hours

(X �
123. 4
144 . 9
172 . 2
162 . 3
189 .6
170 . 8

SE)

:!:
:!:
:!:
:!:
:!:
:!:

29 . 4
2L�.6
28 . 4
10. 2
24.5
13.2

151.0 :!: 14 . 2
170. 1 -+ 12. 3
203.0
152 .6
140. 8
172. 2
182.9
136.5
135.9

+
+
:!:
-

!

+

-+
-

21. 2
20 . 0
22 . 2
21 . 5
23 .2
22 . 3
17 . 9
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144 ewes lambed prior to scheduled treatment opportunity and were
thereby eliminated from the study; resulting in a population of ewes
lambing in more hours than a normal population.

Saline treatment

itself may have resulted in a grouping of -births due to stress from
handling the ewes.

Research by Alexander !:.E_ al. (1973) indicated a

dramatic release of ACTH by the fetus in response to stress ( hemorrhage
or hypoxia) to the ewe.

However, short term st�mulation by ACTH on

the fetal adrenals has little effect on cortisol secretion, but more
prolonged or frequent stimulation may be effective in raising cortisol
levels in the fetal plasma (Liggins, 1969a) .
Independent analysis of flumethasone treated ewes for factors
affecting variation in hours from treatment to birth are presented in
table 7 .

Breed of ewe and type of birth did not (P>. 05) affect hours

from treatment to birth.

However , day of injection did affect (P< . 05)

variation in hours to lambing in flumethasone treated ewes.
Flumethasone treatment of ewes on days 138 and 139 resulted in births
123.7 ! 28. 7 and 126 . 6 + 19.9 hours after treatment, respectively
{ table 8) .

Flumethasone treatment on day 144 resulted in ewes 18.J�bing

in less (P <.05) time ( 41. 0 ! 26. 5

hr )

from treatment to birth.

Also,

a difference of approximately 54 hours between day 139 and day 140
treatment ( 126. 6 ! 18. 9 to 74.1 ! 19. 0 hr) indicates an increase in
response to flumethasone beginning on day l4o.
Figure 2 presents the accumulative percentage of ewes lambing
by increasing hours post-treatment for flumethasone and saline
(control) treated ewes for each day of gestation when injected.

►

4o
TABLE 7. LEAST SQUARES ANALYSIS OF VARIANCE FOR HOURS FROM
TREATMENT TO BIRTH AS AFFECTED BY BREED , TYPE OF BIRTH
AND DAY OF INJECTION FOR FLIB1ET HAS0NE TREATED EWES
Source of
variation
Breed
Type of birth
Day of injection
Breed x type of birth
Breed x day of injection
Type of birth x day of injection
Remainder
Total

**P<.01 .
*P<. 05 .

df

5
l

6
5
27
6
134
185

MS

5610 . 174
2308 . 272
10.531 . 9 88 *
3905 . 354
1652 .001
3147 . 970
4883 . 79 9
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TABLE 8.

LEAST SQUARES MEAN HOURS FROM TREATMENT TO BIRTH
FOR BREED OF EWE, TYPE OF BIRTH AND DAY OF
INJECTION FOR FLUMErHASONE TREATED EWES

Para.meter
Breed of ewe
Purebred
Finn-X
Suffolk
Targhee
Suffolk x Targhee
Finn x Targhee
Type of Birth
Single
Multiple
Day of injection
138
139
140
141
142
143

144

No . ewes
41
24
12
71
23
14
71
114
19
29
38
35
27
19
18

Hours

( X : SE )

106 .9
79. 5
100 .7
93 . 1
5 2. 5
59 . 1

!+ 17. 6
22.7
±+ 4 0 . 0
- 10. 2
+ 21.3
± 21. 8

88 . 7 +± 16. 4
75 - 3 - 11 . 0

123. 7
126 . 6
74. 1
69.8
77 - 7
61 . 1
41.0

±

±+
-

±
±
±
:t

a,b c
, Means within parameters with different superscripts are
significantly different (P <.05) .

28.7 ab
18 . 9:C
19 . 0
18. 2b �
19. la c
be
21. 1 c
26.5
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Steeper curves represent a more rapid accumulating percentage response
· to treatment .

Flumethasone treatIIient of ewes in days 1 4o, 141, 142,

143 or 144 is seen to result in lines which are steeper than lines
representing ewes treated with flumethasone on days 138 or 139 a.�d
also lines representing ewes treated with saline on any given day •
. 'Mean gestation lengths for all saline and flumethas one treat ed
ewes were 147 . 5 : .2 and 144.3

!

.2 days, respectiv�ly (table 9) .

Length of gestati on for ewes treated on day 140 was 142.7 :!: .8 and

145 .5 :!: . 9 days for flum�thasone and saline treated ewes, . respectively;
a difference of approximately three days.
Emady

!l

These results agree with

al. (1974) for ewes injected on day 140.

They reported mean

gestation lengths of 1 41. 77 � .66 and 144.80 + 1.81 days for flumetha
sone and saline treated ewes, respectively;
mately three days.

a difference of approxi

Length of gestation for flumethasone and saline

treated ewes on day 138 was 142. 9

!

1.2 and 146. 1 :!: .9 days,

respectively ; a difference of approximately three days.

--

The results

o f Skinner et al . (1970) injecting ewes on day 138 differ from these
results.

They reported a . mean gestation length for ewes treated on

day 138 o f 141.3 � . 58 days and 149.7 ! 1.71 days for treated and
control ewes, respectiYely; a difference of approximately eight days.
The difference being largely due to a longer gestation period of the
control ewes.
Length of gestation for saline treated ewes was different
(P<.01) for day of in jection (table 9).

These differences may result

from either a biased population studied on different days or stress on
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TABLE 9. LENGTH OF GESTATION AS AFFECTED BY
TREATMENT AND DAY OF INJECTION
.l

Treatment
Saline

Day of
injection

138
13 9

21
30
29

142
143

22
4
27

140

141

144

x

Flumethasone

138
13 9
140
141

142

143
144

x
a b c
' ' Mean

No .. ewes

Length of
gestation
days ( X � SE)

31

184
19
29
38

35

27

19
18
185

days ith different superscripts are si gnificantly
different {P <.01 ) .

ewes from treatment, as discussed above.

Flumethasone treatment

resulted in no difference (P).05) between length of gestation for
different days of in jection .

Less of a response on days 138 and 139

may a ccount for the lack of significance between gestation lengths on
different days of in j e ction .
The role of metabolism of flumethasone i n ewes after a single
inject�on was not evident in the literature.

The half-life of

injected cortisol in the circulating blood of humans is 1 . 4 to 3 hours
(Peterson , 1959) .

Bose � al . (1977) found the concentrat ion of

.dexamethasone in the ewes circulation to be high at nine hours aft er
a single injection and inferred that the glucocorti coid was metabolized
in less than 72 hours after treatment .

Therefore, ewes lambing in

more than 72 hours after treatment are assumed to not have responded
to flumethasone.
Percent ewes lambing within 72 hours aft er treatment differ
(P <. 01) between flumethasone and saline treated ewes (table 10) .
Sixty-four percent of the flumethasone treated ewes lambed in 72 hours
after treatment , with a mean interval of 49.5 � 2 . 1 hours.

Sixty

seven percent of the ewes injected on day 141 lambed in 72 hours after
treatment, with a mean t ime interval of 49 . 3

±

3. 9 hours (n = 24) .

Harman (1975) injected ewes only on day 141 with 89 percent of the
flumethasone treated ewes lambing in 72 hours after injection, with a
mean interval of 50 . 9

!

2 . 3 hours (n = 35) .

Simple linear regression of hours from treatment to parturition
vs . ewe weight in all ewes demonstrated no difference ( P} . 05) in the
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TABLE 10. PERCENT OF EWES LAMBnm WITHIN 72 HOURS POST-TREATMENT
AND THEIR AVERAGE lNTERVAL FROM TREA'l'MENT TO PARTURI"TION

Treatment

Number

Flumethasone
Saline (control

185
184

Lambed within
7 2 hours
No.
%
118
31

a

64
17b

Hours
! SE)

(X

49.5 + 2. 1
4 2. 2 + 5. 0

-

a , bLam bing percentages with different superscripts differ signifi
cantly (P(. 01 ; .
relation of the response. b etween the flumethasone and the saline
treated eves, although the regression lines are different (P). 01) for
each treatment (table 11).
for saline

and

Regression coefficients are 1 .37 and 1. 69

flumethasone treated ewes, respectively.

The proportion

of the variation in hours explained by ewe weight was 6. 8 and 8. 3
percent for saline and flumethasone treated ewes , respectively.
TABLE 11 . SIMPLE LilIBAR RIDRESSICN OF HOURS FROM
TREATMENT TO PARTURrrION VS. EWE WEIGHT
Treatment

Group

Regression coefficient
( hr/kg)

R

2

All ewes

Saline
Flumethasone

1. 3728
1. 6921

. 068* *
. 083* *

72 hr ewes

Saline
Flumethasone

. 6983
. 10 54

.227* *
. 007

* * P<. 01.
Simple linear regression of hours from treatment to parturition
vs. ewe weight (kg) for only ewes responding in 72 hours

a fter

treatment
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. revealed a difference ( P<. 05) in the relation of the response between
the saline and flumethasone treated ewes.

Regression coefficients are

.70 and . 10 for saline and flumethasone treated ewe s , respectively.
The proportion of the variation in hours explained by ewe weight was
22. 7 and .7 percent for saline and flumethasone treated ewes ,
respectively.

The lack of any relationship between hours to parturition

over ewe weight in the 72 hour flumethasone treated group indicated
that the dosage used (2 mg) was sufficient to overcome any weight
affect on hours from treatment to parturition.
Figure 3 presents regression lines of hours from treatment to
parturition vs. ewe

eight for all ewes and f or only ewes responding

in 72 hours after saline and flumethasone treatment.

The relation for

the 72 hour group was different (P <. 05) between the saline and flurneth
asone group, with a low correlation in the flumethasone group (r = .08 )
and . a mild correlation ( r = .48) in the saline group.
The relation of hours to parturition over ewe weight was
compared between aged Targhee ewes and one year old Targhee and
Suffolk x Targhee e ie lambs all receiving the flumethasone treatment.
Mean weights were 86 . 3 and 70.7 kg for the aged ewes and ewe lambs,
respectively.

No difference (P> .05) was demonstrated between groups ;

providing evidence that younger age, lack of previous parity and lesser
weight of the ewe lambs are not important factors in the response to
flumethasone treatment at the level utilized in this study.
A summary of multiple regression analysis of various factors
contributing to variation in hours from treatment to parturition for
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all ewes is presented in table 1 2.

Treatment alone · account ed for 17 . 3

percent of the variation in hours (P< . 01) .

The addition of day of

gestation when in jected to the equation account ed for another 10. 7
percent (P<. 01) of the variability in hours .

Adding weight of ewe

accounted for another 5 . 7 percent (P(. 01) of the variation in hours .
Adding total lamb (s) weight accounted for 1. 2 percent (P<.Ol) more
additional variatio

in hours, while the additional . inclusion of type

of birth (single , twin or triplet) accounted for . 7 percent (P<. 05)
more additional variation in hours from treatment to parturition.

The

addition of year , breed , age of ewe and sex of lambs to the multiple
regression equation did not add significantly to R 2 •

Tot al variation

explained when all factors were included in the regression equation
equaled 37.8 percent.

Harman (1975) performed multiple regression

analysis of hours from treatment to lambing as influenced by initial
progestin level, lamb birth weight, sex of lamb s, initial estrogen
level, age of ewe , weight of ewe and type of birth.
explained by these factors was 28. 4 percent.

Total variation

Lamb sex was demon strated

by Harman (1975 ) to have an affect (P(. 05) on the variation in hours
when added to the factor of lamb weight and init ial progestin level.
The factor of lamb sex did not explain (P) . 05) more variation in hours
when studied by this researcher.
Table 13 presents the multiple regression analysis of various
factors contributing to variation in hours from treatment to
parturition for saline (control) treated ewes only.

Day of gestation

when injected alone accounted for 8.2 percent (P<.Ol) of the variation

TABLE 12 . MULTIPLE RmRESSION ANALYSIS OF HOURS FROM TREATMENT
TO LAMBING AS INFLUENCED BY TREATMENT , DAY OF GESTATION
WHEN INJECTED , WEIGHT OF EWE , Tar AL
LAMB (S) WEIGHT AND TYPE OF BIRTH

Step

Intercept

Treatment

Day of
gestation
when injected

1
2
3
4
5

232 .0125
2319.9814
2168 .4170
2162 . 8247
2169 .1821

-69. 9488
-72 . 5866
-69 . 7108
-70 . 2927
-68 . 9180

-14.7902
-14. 5614
-14 .5322
-14 . 4788

-

--

Weight of
ewe (kg)

--

--

1 . 4130
1 .093 7
1 .1147

Total lamb ( s)
weip;ht (kg)

----

3 . 8082
6 . 7292

Type
of birth

--

----

-17 . 73 78

R

2

. 173 * *
. 280* *
.387• •
.349 • •
.357•

P<.Ol .
*P<.05 .

0

\Jl
0
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TABLE 13 . MULTIPLE RIDRESSIOO ANALYSIS OF HOURS FROM TREATMENT TO
PARTURrrION AS INFLUENCED BY DAY OF GESTATION WHEN INJECTED
AND WEIGHT OF EWE IN SALINE TREATED EWES
Step

Intercept

Day of gestation
when injected

Weight
of ewe

1
2

1751.9397
1679.7810

-11. 2761
-11.604o

1.4366

in hours.

. 08 2 • •
. 156-i•· ·

While the addition of weight of ewe accounted for 7. 4

percent (P(.01) additional variation in hours when added to the
equation.

Breed of ewe, total lamb(s) weight, type of birth,

yea:r ,

sex of lamb and age of ewe did not acc ount (P) . 05) for more additional
variation when added to the regression equation.
A third multiple regression analysis of various fact ors
c ontributing to variation in hours from treatment to parturition for
flumethasone treated ewes only is presented in table 14.

Day of

gestation when injected alone accounted for 1 9.6 percent ( P(. 01) of
the variation in hours from treatment to parturition.

The addition of

total lamb(s) weight accounted for 7. 1 percent (P<.Ol) more additional
variation in hour

from treatment to parturition.

While the addition

of type of birth acc ounted for 4.6 percent (P(. 01) more additional
variation in hours.

The year, 1976, also explained 1.8 percent (P<. 05)

more additional variation in hours from treatment to parturition when
added to the equation.

Breed of ewe , age of ewe, weight of ewe, and

sex of lambs did not account ( P>. 05) for more additional variation in
hours from treatment to parturition.
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TABLE 14 . MULT IPLE REGRESSION ANALYSIS OF HOURS FROM TREATMENT
TO PARrUR ITION AS INFLUENCED BY DAY OF GESTATION WHEN
INJECTED , TarAL LAMB ( S) WEIGHT, TYPE OF BIR TH AND
YEAR FOR FLUMErHASOOE TREATED EWES

SteE

InterceEt

Day of
gestation
when injected

1
2

2767. 3503
2765. 3276
2794.5767
2617.4297

-18. 9981
-19. 4015
-19. 5371
-18.3090

Total
lamb ( s)
wei�ht
7.9133
18. 6713
8.1528

Type of
birtha
-53.2825
-51. 3506

Year
1976

R2

24.0100

.196 * *
.267* *
- 313* *
- 331*

a

Single, twin or triplet.
* *P <. 01.
*P<.05.
The absence of weight of ewe as a factor explaining more
variation in hours in the flumethasone treated group infers that the
tre atment was sufficient t o remove any influence of ewe size as a.
factor in response to treatment.
lamb (s) and type of birth

as

The presence of total weight of

factors influencing the hours from

treatment to parturition infers that the total mass of lamb( s) at birth
is an important f actor in explaining the variation in hours to birth
when ewes are injected with flumethasone.

In light of the autonomy

of the fetus in determining the time of birth ( Liggins, 1 969a) and the
proposed action of exogenous glucocorticoids in stimulating endogenous
fetal cortisol secretion ( Bose and Fevre, 1974) by the fetal adrenal
gland, the absence of ewe size and inclusion of total lamb ( s) weight
and number of lambs as factors of importance in response to flumethasone
treatment are not surprising.
Multiple lambing ewes receiving the control treatment lambed
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in approximately 19 more hours than single lambing ewes (170. 1 + 12.4
vs. 151. 0

!

14.2 hr, respectively) (table 15).

TABLE 15. MEAN HOURS FROM TREATMENT TO BIRTH FOR SINGLE
OR MULTIPLE LAMBING EWES AS AFFECTED BY TREATMENT
Type of birth
Single
Multiple
Time treatment to
Time treatment to
parturition hr ( X � SE)
parturition �r ( X � SE)

Treatment

a
151.0 + 14.2 (82)

Saline (control)

88. 7 + 16. 4 (71)

Flumethasone
a

170. 1 + 12. 4 ( 102)
75.3 + 11. 0 (114)

Number of ewes.
Ewes carrying multiple lambs -when injected with flumethasone

lar.1bed in 75. 3

!

11. 0 hours after treat�ent (table 14).

a singe lamb delivered in 88. 7

!

Ewes carrying

16. 4 hours after treatment.

Thus,

multiple lambing ewes delivered in approximately 13 hours less time
a.f'ter flumethasone treatment than single lambing ewes.

These results

are in agreement with Shevah (1974) reporting ewes carrying triplets
and quadruplets lambing an average of 10 hours earlier than ewes
carrying singles or twins after flumethasone treatment.
All ewes were weighed immediately prior to treatment.

In an

attempt to determine if ewe size has an effect on response to
flumethasone, ewe weight was regressed on hours to lambing.

The net

effect of this regression is to adjust hours to lambing such that the
variation in ewe weight has no effect on the treatment to parturition
interval.

Table 16 presents the adjusted least squares analysis of
variance of hours from treatment to parturition as affected by breed
of ewe , treatment, type of birth and day of inj ection.

As previously

presented in table 3, treatment and day of injection are significant
factors in determining the interval treatment to birth.

Ewe weight

was not a significant factor ( P >. 05) in explaining variation in hours.

TABLE 16. LEAST SQUARES ANALYSIS OF VARIANCE FOR HOURS
FROM TREATMENT TO PARTUR ITION AS AFFECTED BY
BREED , TREATMENT , TYPE OF BIRTH AND DAY OF
INJECTION ADJUSTED FOR EWE WEIGHT
Source of
variation
Breed of ewe
Treatment
Type of birth
Day of in jection
Breed X treatment
Breed X type of birth
Breed X day of injection
Treatment X type of birth
Treatment X day of in j ection
Type of birth X day of injection
Ewe weight linear
Ewe weight quadratic
Ewe weight cubic
Remainder
Total

df

MS

5
1
1
6
5
5
27
1
6
6
1
1
1
302
369

899.200
203947.704 * *
663. 066
16309.757* *
3824. 701
9310.996
3356.940
2972.632
6029.907
3769. 319
451. 508
1078. 950
1597. 330
4708.253

Time from treatment to birth for saline (control) ewes after
adjustment for ewe weight was 158. 7 � 8.0 hours ( table 17) compared
t o 1 55. 1 � 7. 9 hours unadjusted (table 4).

For flumethasone treated

ewes adjusted interval treatment to parturition was 91. 5 ! 8.2 hours
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TABLE 17. LEAST SQUARES MEAN HOURS FROM TREATMENT TO
PARTURIT'ION FOR BREED OF EWE , TYPE OF TREATMENT,
TYPE OF BIRTH AND DAY OF INJECTION
ADJUSTED FOR EWE WEIGHT
Parameter

Hours to birth

No. ewes

( X ! SE)

Breed of ewe
Purebred
Finn-X
Suffolk
Targhee
Suffolk X Targhee
Finn X Targhee

86
40
21
145
51
26

Type of treatment
Saline ( c ontrol)
Flumethasone

184
185

158. 7 :!: 8. o a
+ 8. 2 b
91. 5 -

Type of birth
Single
Multiple

153
216

-+ 9 .6
127. 3 · +
122. 9 - 7. 5

Date of inje c tion
138
139
14o
141
] 42
143
1 44

If{)

59
67
66
49
43
45

.

132. 7
123. 5
132. 5
123. 5
120 .. 0
118. 2

170. 1
146.7
115. 4
122.3
126.6
105. l
89. 4

-++ 10.2
- 1 8. 7
!+ 20.6
- 6. 7
! 13. 4
! 16. 5

+
- 16 .3 a
b
:!: 12. 2�
! 14. 7i/
+
- 12.3 C .
! 13. o abc -.
bc
:!: 13. 3
:!: 17. 7 c

a , b, c
Mean hours with different supers c ripts are signifi c antly
different (P <. 01) .
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- compared to 86 . 7

! 8 .0

hours.

Adjustment for ewe weight did not _

affect (P >. 05) the treatment to parturition interval.
Lambing Phase
Least squares analysis of variance for lambing difficulty
score, presented in table 18, indicated a difference ( P<. Ol) between
breeds.

Flumethasone treatment did not affect (P>. 05) lambing

diffi culty (table 19) .

These results are in agreement with reports

of previous workers (Shevah, 1974; Bose, 1972a , Skinner � al., 1970).
Breed of ewe did not (P>.05) affec t lambing diffi culty in saline
treated ewes ( table 20).

However, breed of ewe did affect (P(.01)

lambing difficulty in flumethasone treated ewes ( table 21).

In

addition, day of injection also affected ( P<. Ol) lambing difficulty
in flumethasone treated ewes.

A breed by day of inj ection interaction

was found ( P<.Ol ) for lambing score in flumethasone treated ewes.
Flumethasone treated purebred ewes and Suffolk � Targhee and
Finn x Targhee ewe lambs had more (P (. 01) lambing difficulty than the
other ewes studied (table 22).

Ewes injected with flumethasone on

days 140, 142 and 143 had more (P <.Ol) lambing difficulty than ewes
injected on days 138 , 139, 141 and 144 (table 23) .
Table 24 presents least squares analysis of variance of ewe
milking score.

Breed of ewe affected (P<. Ol) milking score, but

treatment, type of birth and day of injection had no affect ( P>. 05).
· Purebred ewes had more (P (.01) problems with milk production than
other breed groups tested (table 25).
affec t (P>. 05) milking score.

Flumethasone treatment did not

These results are in agreement with
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TABLE

18 .

LEAST SQUARES .ANALYS IS CF VARIANCE FOR
LAMBHG D IT.FICULTY SCORE

Source o f
variation
Breed
Treatment
Type of birth
Day of injection
Breed x treatment
Breed x birth
Breed x day of injection
·Treatment x birth
Treatment x day of injection
Birth x treatment
Remainder
Total

df

5
1
1

6

5

5

27
1

6
6

307
3 71

MS a

- 97 7 * *
. 006
. 012
. 376
. 231
.05 7
. 36 5
. 012
. 418
. 291
. 248

�ambing score assigned as 1 - no difficulty, 2 - slight difficulty,
3 - pulled , 4 - pulled, great difficulty.
* * P < . 0l .

TABLE 19. LEAST SQUARES MEAN LAMBIN3- DIFFICULTY SCORES FOR
BREED , TREATMENT , TYPE OF BIRTH AND DAY OF INJECTION
P.ara.meter
Breed
Purebred
F inn •X
Suffolk
Targhee
Suffolk x Targhee
Finn x Targhee
Treatment
Saline
Flumethasone
Type of birth
Single
Multiple

No. of ewes
87
4o
21

Lamb!n� score
(X - SE)

1 .3

146
51
26

1. 0
.9
1. 0
1.3
1.3

185
186

1. 1
1. 1

155

1. 1 + . 1
+
1.l
.O

216

Day of injection

138
139
14o

141
142
143

144

+
+

+
+

.1
. 1.

4o
59

1.0

49
44

1 . 2 -+ . 1

68
66

45

1.1

.1
.1

1 . 4 :+ . 1

1. 1 - . 1
1. 1 !+ . 1
1. 1
.1

8I,ambi ng score assigned as 1 - no difficulty, 2 - slight di fficulty,

3 - pulled , 4 - pulled great difficulty.

b, cMeans
within parameters with di fferent superscripts are
significantly different (P <. Ol ) .
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TABLE 20. LEAST SQUARES A NALYSIS OF VARIA NCE FOR LAMBING
DITFICULTY SCORE AS AFFECTED BY BREED , TYPE OF BIRTH
AND DAY OF INJECTION FOR SALINE TREATED EWES
Source of
variation
Breed
Type of birth
Day of injection
Breed x type of birth
Breed x day of injection
Type of birth x day of injection
Remainder
Total

df

MS

5
l
6
5

.539a

.001

. 167
. 257

25
6
135
184

.229

. 198

.262

--8Laznbing score assigned as 1 - no difficulty , 2 - slight difficulty,
2 - pulled, 3 - pulled, great difficulty.
**P<".01 .

*P<. 05 .
TABLE 21. LEAST SQUARES ANALYSIS OF VARIANCE FOR LAMBING
DIFFICULTY SCORE AS AFFECTED BY BREED , TYPE OF BIR TH
AND DAY OF INJFiCTION FOR FLUMETHASONE TREATED EWES

Source of
variation
Breed
Type of birth
Day of injection
Breed x type of birth
Breed x day of injection
Type of birth x day of injection
Remainder
Total

df

MS

5
l
6
5

l. 15l * *

27
6

134
185

8Lambing score assigned as 1 - no difficulty, 2 - slight
difficulty, 3 - pulled, 4 - pulled, great difficulty.
**P <.01.
• p ('.05.

a

.oo4

• 786* *

.218

. 4 93 * *

.065
.212
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TABLE 22. MEAN LAMBIID DlFFICULTY SC ORE
FOR EACH BREED OF EWE RF.CEIVING SALINE
OR FLUMETHASONE TREATMENT
Treatment
Saline

Breed of ewe

No. ewes

Purebred
Finn -X
Suffolk
Targhee
Suffolk x Targhee
Finn x Targhee

45

x

Flumethasone

Purebred
Finn-X
Suffolk
Targhee
Suffolk x Targhee
Finn x Targhee

x

16

9
74
28

12

184

41
24

12

71

23

14
185

Lambini difficulty
score ( X :!: SE)
1.4
1. 0
1.0
1. 0
1. 0
1.0
1. 1

1.4
.9
.9

-

+
+ .1
.2
+
+ .2
.1
+
.2
+
+ .2
- .o

-

+
. lb
+
. le
+c

- .3
1. 0 :!: .l C
1 . 6 !"+ . lbb C
1.1 - .1
+
1.1 - .o

8Lambing score assigned as 1 - no difficulty, 2 - slight
difficulty, 3 - pulled, 4 - pulled, great difficulty.
b, cMean scores with different superscripts are significantly
different at P<. Ol.
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TABLE 23. MEAN LAMBING DITFICULTY SCORE FOR DAY
OF INJECTIOO FOR EWES RF.CEIVING SALINE
OR FLUMETHASONE TREATMENT

Treatment
Saline

Flumethasone

Day of
injection

No. of
ewes

138
139
14o
141
142
143
144

21
30
29
31

138

139
140
141
142
143
144

x

22

24
27
184
.
19
29

38
35

27

19

18

185

Lambinf scorea

(X -

+

1. 0
1. 0
1. 1
1. 1
1. 0
1 .0
1.3
1.1

-+
+
+
-+
+
+
-+
-

1.0
1. 0
1.4
1. 1
1.6
1. 3

:!:+
:!:+
+

SE)

.l

.l

.1
.1
.2
.2
.1

.o

.
+
-+ 2 cd
cd
- •1

• 1bc
• 1 cd
• b
1b
.• ldcd
. 9 +- .2
1. 1 - .o

8Lambing score assigned as 1 - no difficulty, 2 - slight
dif!icu!ty, 3 - pulled , 4 - pulled great difficulty.
, c, �ean scores with different supers c ripts are si gnifi c antly
different at P<.Ol.

62
TABLE 24. LEAST SQUARES ANALYSIS OF VARIANCE OF EWE MILKING
SCORE AS AFFECTED BY BREED OF EWE, TREATMENT ,
TYPE OF BIRTH AND DAY OF GESTATION
Source of
variation
Breed of ewe
Treatment
Type of birth
Day of inj ection
Breed x treatment
Breed x birth
Breed x day of inj ection
Treatment x birth
Treatment x day of in j ection
Remainder
Total

df

MS

5

l.072 a * *
. 049
.039
. 046

1
1

6

5

5

27
1

6
6

307

8Milking score assigned as 1 - normal, 2 - lacking milk, 3 injured or - bad bag, 4 - bad bag.

* *P< .Ol .
*P< .05 .

.049
. 066
.054
. 008
. 308
.182
. 188

TABLE 25. LEAST SQUARES MEAN MILKING SCORES FOR BREED ,
TREATMENT , TYPE OF BIRTH AND DAY OF INJEC'l'ION
Parameter
Breed
Purebred
Finn X
Suffolk
Targhee
Suffolk x Targhee
Finn x Targhee

No . ewes
87

Mean
S c ore a

+ . lb
+ e
+ .. lle

-++ . o
- .l
+
- .l

21
146
51

1.4
1. 1
1. 1
1. 0
1. 0
1. 0

Treatment
Saline
Flumethasone

185
186

Type of birth
Singl e
Multiple

1. 1 + . o
1. 1
.o

155
216

1. 1 + . 1
1. 1
.o

Day of inje ction
138
139
14o
141
142
143
144

4o

26

40

59
68
66
49

44

45

c
e
e

-

+

-

+

1. 1
1. 1
1. 1
1. 0
1. 1
1. 1
1. 1

-+ . 1
-++ .. 11
-+ . 1
-+ .. 11

+
+ .1

81.tilking score assigned as 1 - normal, 2 - l acking milk, 3 injured or bad bag, 4 - bad bag.
b, c M eans
within parameters with different superscripts are
significantly different (P (.01) .
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other experimenters (Shevah, 1974 ; Bose , 1972a ; Skinner� al. , 1970)
reporting no delayed or inhibited milk producti on due to flumethasone
or dexamethasone trea.tment.
Analysis of milking score for only saline treated ewes indicated
breed of ewe as affecting (P(. 01) variation in milking score ( table 26).
Similar analysis for only flurnethasone treated ewes indicated no affect
(P>. 05) of breed on variation in milking score (tabie 27).

Table 28

present s mean milking scores for each breed of ewe receiving saline
or flumethasone treatment.

Purebred, Finn-X and Suffolk ewes had more

(P<. Ol) milking problems than other ewe breed groups tested receiving
saline (control) treatment.
TABLE 26 . LEAST SQUARES ANALYSIS OF VARIA NC� OF EWE MILKING
SCORE AS AFFECTED BY BREED , TYPE OF BIRTH AND
DAY OF INJECTION FOR SALINE TREA'fiill EWES
Source of
variation
Breed
Type of birth
Day of in jection
Breed x type of birth
Breed x day of injection
Type of birth x day of injection
Remainder
Total

df

5
1
6
5

25
6

135

184

MS

. 640* *

. 036
. 049
. 126
.0 74
.278
. 196

8Milk:ing score assigned as 1 - normal, 2 - lacking milk, 3 injured or bad bag, 4 - bad bag.
* *P '\'. 01 .
*P<. 05.
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TABLE 27 . LEAST SQUARES ANALYSIS OF VARIANCE OF EWE MILKil'G
SCORE AS AFFECTED BY BREED OF EWE, TYPE OF BIRTH AND DAY
OF INJECTION FOR FLUHETHASONE TREATED EHES
Source o f
variation
Breed
Type of birth
Day of injection
Breed x type of birth
Breed x day of injection
Type of birth x day of injection
Remainder
Total

* *P<.01 .
*P<.05 .

df

5
1
6
5
25
6
135
184

MS

. 352

.008
. 113

.002

.069

. 141

. 205
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TABLE 28. MEAN MILKING SCORE FOR EACH BREED OF EWE
RECEIVING SALIN E OR FLUMETHASONE TREATMENI'
Treatment
Saline

Breed of ewe
Purebred
Finn X
Suffolk
Targhee
Suffolk x Targhee
Finn x Targhee

x

Flumethasone

Purebred
Finn- - X
Suffolk
T arghee
Suffolk x Targhee
Finn x Targhee

x

No.

of

ewes

45
16
9
74
28
12

Milk!n� score
( X - SE)

1.0 - .l
+
C
- 9 +- . lb C
1. 0 +- . 2

1 .4 ++ . l bbc
1. 1 + . l
. 9 + . 2be C

184

1. 1

41
24

1. 4
1. 1
1. 1
1. 0
1. 0
1. 0
1. 1

12

71
23
14
185

.o

+
+
+
+
+
+
-+

.1
.1
.3
.1
.1
.1

.o

8Milking score assigned as 1 - normal, 2 - lacking milk, 3 inj gred or bad bag, 4 - bad bag.
, c Mean milking scores with different superscripts are
significantly different at P <.Ol.
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Ret ention of plac ental membranes, recorded as a cleaning score,
occurred only five times in the three years of study (two of which
were saline treated ewes) and did not wa.rrent statistical analysis.
These results agree with previous researchers (Emady

rt �- ,

1974;

Harman, 1975) who found no evidence of retained fetal membranes in
ewes in which parturition was prematurely induc ed with flum ethasone.
Lamb birth weight when analyzed by the least .squares method
indicated a differenc e (P <.01) between breed of ewe, treatment and
type of birth (table 29) .

A difference (P (. 05) was also determined

for the sex of lamb on lamb birth weight.

Purebred and Suffolk ewes

delivered heavier (P <.Ol) lambs than the other bre eds studied (table
30) .

Birth weight of la1nbs from ewes receiving the flumethasone

treatment was lighter (P (. 01) at birth than lambs born from saline
treat ed ewes, 4.62

!

. 08 vs. 4. 91

!

.08 kg , respectively.

Emady et al.

(1974) report ed slightly lower birth weights of lambs born from
flumethasone treat ed ewes.

Single born lambs were heavier (P<. Ol)

than multiple born lambs, 5.28 � . 11 vs. 4.24 + . 07 kg, respectively.
Male lambs weighed . 22 kg more (P<. 05) at birth than female lambs.
Analysis of lamb birth weight in only ewes rec eiving the saline
( c ontrol) treatment is presented in table · 31.� Breed.' of ewe and type of
birth were highly significant sources of variati on with sex of lamb
being a significant source of variation in lamb birth weight.
Analysis of lamb birth weight in only ewes receiving the
flumethasone treatment is present ed in table 32.

Breed of ewe and

type of birth are highly significant sources of variation in lamb
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TABLE 29 .

LEAST SQUARES ANALYSIS OF VARIANCE FOR FACTORS
AFFECTING LAMB BIRTH WEIGHT

Sourc-e of
variation
Breed
Treatment
Type of birth
Day of injection
Sex of lamb
Breed x treatment
Breed x type of b irth
Breed x day of in jection
Breed x sex of lamb
Treatment x type of birth
Treatment x day of injection
Treatment x sex of lamb
Type of birth x day of in jection
Type of birth x sex of lamb
Day of in jection x sex of lamb
Remainder
Total
* *P < . 01 .
*P<.05 .

df
5
l
1
6
1
5
5

Z7

5
l
6
1
6
1
6
529
607

MS

7 . 6485* *
5 . 2760* *
49 .5609* *
. 4803
3.3454*
. 255 7

1 . 3182
. 9496
. 2406

1 . 4250

.3598
.2764
. 8225
. i853
1 . 4365
. 7058
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TABLE 30.

LEAST SQUARES MEAN WEIGHT OF LAMBS AT BIRTH FOR
BREED , TREATMENT, TYPE OF BIRTH , DAY
OF rnJF,CTION AND SEX OF LAMB

Parameter

No. ewes

Mean
w eight (kg)

Breed
Purebred
Finn X
Suf f olk
Targhe e
Su ff olk x Targhee
Finn x Targhe e

151
69
39
244
64
4o

5. 22
4. 77
5. 36
4. 64
4. 54
4.03

Tre atment
Saline
Flumethasone

293
314

a
4. 91 + . 08
b
+
. 08
4. 62

Type of birth
Single
Multiple

154
453

5.28 :!: . ll a
4.24 :!: . 07b

D ay of injection
138
139
140
141
142
143
144

65
95
118
107
76
70
76

4. 71
4. 67
4. 63
4. 80
4. 92
4. 72
4.91

Sex o f lamb
Male
Female

321
286

4. 87 :!: . o8 e
4. 65 :!: . 09 f

±
:!:
:!:
:!:
:!:

±

ab
. 1 obc
. 18a
. 22 c
. 07 C
. 16d
. 13

-

-++ . 18
-++ .. 1135
+ . 13

+ .. 13
+ . 14
17

-

a, b, c , dMeans within param eters with different supers c ripts are
signi fi c antly different (P <.Ol) .
e , f Means within parameters with different superscripts ar e
significantly differ ent (P<.05 ) .

70

TABLE 31 . LEAST SQUARES ANALYSIS OF VARIANCE
OF FACTORS AFFECTil1G LAMB BIRTH
WEIGHT IN SALmE TREATED EWES

Source of
variation
Bre ed
Type of birth
Day of injection
Sex of lamb
Breed x type of birth
Breed x day of injeqtion
Breed x sex of lamb
Type of birth x day of injection
Type of birth x sex of lamb
Day of injection x sex of lamb
Remainder
Total

df

MS

5
1

5

3 . 2194* *
24 . 6339* *
. 3478
3 . 153 9*
. 4330

5
6
l
6

1.2302
.6022
1.2146

6
1

25

231
293

1. 1000

.0774
. 7889
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TABLE 32 . LEAST SQUARES ANALYSIS OF VARIANCE OF
FACTORS AFFECTING LAMBING BIRTH WEIGHT
IN FLUMErHASONE TREATED EWES
Source of
variation
Bre ed
Type of birth
Day of injection
Sex of lamb
Breed x type of birth
Breed x day of in j ection
Bre e d x sex of lamb
Type of birth x day of injecti on
Type of birth x sex of lamb
Day of injection x sex of lamb
Remainder
Total

**P <.Ol .
*P< . 05 .

df

5
1
6
1
5

27

5
6
1
6

249
313

MS

3 . 6271 * *
18 . 2096* *
. 7432
.635 5
1. 2018

. 5371
.3524
.3773

. 2 609

. 417 7
. 63 68
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birth w eight.

M ean birth weight of lambs for each br e ed rec eiving

saline or flumethasone treatment is

e xpressed

in table 33 .

TABLE 33. MEAN BIRTH WEIGHT OF LAMBS FOR BREED OF EWE
RECEIVI:00 SALINE OR FLUMETHASOOE TREATMENT
Treatment
Saline

Flumethasone

Breed of ewe

No. of ewes

Pur ebre d
Finn X
Suffolk
Targhee
Suffolk x Targhee
Finn x Targh e e

?3

Purebred
Finn X
Suffolk
Targh ee
Suffolk x Targhee
Finn x Targhee

a b , c , d, e
M e a.n birth weights with
,
significantly different (P<.01) .

Mean
weight (kg)

26
17

125
32

20

2 93

78
43

22
118
32
20
313
different

superscripts are

M e an birth weight of lambs born in single or multiple births
receiving saline (control) treatment were diff e rent (P<.01) 5 . 48 !

. 17 and 4.34 : .11 kg, respectively (table 34) . While mean birth

weight of lambs born in single or multiple births receiving flumetha
sone treatment wer e also different (P<.Ol) 5.12 + .17 and 4.05

! .10

kg , respectively.
Mean birth weight of mal e or female lambs born from ewes
receiving salin e or flumethasone tr eatment is presented in table 35 .
Mal e lambs were heavier (P >.Ol) than female lambs born in the control
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TABLE 34. MEAN BIRTH WEIGHT OF LAMBS BORN AS SIN3LE
OR MULTIPLE BIRTHS FROM EWES RECEIVING
SALINE OR FLUMETHASONE TRE ATMENT

Type of

birth

Treatr.ient

Saline
Mean lamb weight
kg ( X "!: SE)

Sin gle

5.48

Multiple

4.34

!

!

.17

b

(82)

.ll

c

(211)

Flumethasone
Mean lamb wei ght
kg ( X "!: SE)

a

5. 12 + . 17b (71)

. 4. 05 + . lO c (242)

8Number of lambs.
b, c
Mean lamb birth weights with different superscripts are
signifi c antly different ( P<.01) .

TABLE 35.

MEAN BIRTH WEIGHT OF MALE OR FEMALE L AMBS
BORN FRCM EWES RECEIVING SALINE
OR FLUMETH ASONE TREATMENT

Sex of lamb

Saline
Mean lamb weight
- +
· kg ( X - SE)

Male

5. 04

Female

4. 77 "!: . ll

!

. 09b (159)
c

(134)

Treatment
Flumethasone
Mean lamb
weight
- +
kg: ( X - SE)
a

- . 12
. 4. 51 +- . 13
4. 66

+

ber of lambs.
b, �um
c
Mean lamb birth weights with different superscripts are
significantly different (P<.01).

(161)
(152)
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. group 5. 04 � . 09 vs. 4.77

±

. 11 kg, respectively.

But male lamb

birth weight was not different (P >.05) from female lamb birth weight
in flumetha.sone treated ewes 4 . 66

±

. 12 and 4 . 51

±

. 13 kg , respectively.

Clean-up Demonst ration
The purpose of this demonstration was t o show that ewes
remaining t o lamb at the end of the normal lambing period could be
grouped in their deliveries.
Twenty-two ewes received clean-up injections.

No control

treatment was administered due to the small number of ewes.

Sixteen

ewes lambed within 72 hours after treatment ( 72. 7 percent), with a
mean time from injection to parturition of 45 . 8

± 2.8

hours.
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SUMMARY
The effectiveness of once a week flumethasone treatment for the
induction and/or timing of birth was studied in 185 ewes during the

1 9 75 , 1 976 , and 1977 lambing seasons.

During the breeding seasons of 1974 , 1975 and 1976 , breeding

dates were identified in 369 purebred and crossbred ewes by the use
of marker rams with grease-painted briskets.

Percent correct breeding

dates of number of ewes lambing were 74 . 4 ( 1974) , 51 . 4 ( 1975) and

75 . 9 ( 1976) .

Ewes were randomly allotted into two treatment groups, one
receiving a 2 mg flumethasone injection, the second receiving a
physiological saline injection.

Treatments were given intramuscular

( IM) in 4 cc volumes.
· wes
Every Wednesday morning between 8 : 00 and 9: 30 .am all· e
on or between days 138 through 144 of gestation received their
respective treatments.

Ewes were checked for parturition at a

maximum time interval of 4 hours .
Mean lambing time post treatment was 86 . 7 � 8 .o hours for

flumethasone treated ewes and 155 . 1 +- 7 . 9 hours for control ewes.
Sixty-four percent of the flumethasone injected ewes lambed
within 72 hours after treatment compared to seventeen percent of the
control ewes.

The mean and standard error of the flumethasone

treated ewes responding within 72 hours was 49 . 5 � 2. 1 hours.

Based

on the results of this experiment, one would expect 6&/4 of the
flumethasone-treated ewes that respond to lamb in a 4 . 2 hour period
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starting 47.4 hours following injection.

Ninety-five perc ent of the

ewes that respond would be expected to lamb in an 8.4-hour period
starting 45.3 hours after injection.
Average interval from treatment to delivery decreased as the
day of gestation when inje cted increased.

Average interval was longest

for ewes inj ected on day 138 of gestation (167.2
shortest for those inje cted on day 144 ( 87.1

!

!

16.3 hr) and

1 7 . 8 ·hr).

Ewes inj ected with flum ethasone on day 139 lambed in a longer
(P< . 05 ) interval of time than ewes injected in day 144, 126.6 � 18.9
and 41.0

! 26.5 hours , respectively.

Treatment , day of gestation when injected, weight of ewe ,
total lamb weight and type of birth made signifi cant contributions
{ P(.05) to variation in hours from treatment to birth, eA-plaining
35.7 p ercent of the total variation.
Day of gestation when injected, total lamb (s) weight and type
of birth made significant contributions (P(.01) to variat ion in hours
from treatment to parturition in flum ethason e treated ewes , explaining
31.3 perc ent of the total variation.
Treatment to parturition interval was approximately 13 hours

less for multiple lambing ewes than single lambing ewes ( 75. 3 + 11. 0
and 88 . 7 � 16.4 , r espectively) when injected with fl11methasone.
Conversely, the interval was 19 hours more for multiple lambing ewes
than single lambing ewes ( 170.l � 12.4 and 151. 0 � 14.2 , respectively)
when injected ��th saline.
Flumethasone treatment did not affect (P >. 05 ) lambing difficulty ,
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. incidence of retained placenta or milk production when compared with
saline treatment.

However , flurnethasone treatment decreased ( P< . 01)

lamb birth weight by .3 kg.

Also , multiple born lambs were lighter

{ P (. 01) than single born lambs ( 4 . 2

!

. 1 vs. 5 . 3 ! . 1 kg, respectively) .

78
LrrERATURE CITED

Adams, W. M. and W. C. Wagner. 1970. The role of corticoids in
parturition. Biol. Reprod. 3 : 223.
Ainsworth , L . and K. L. Ryan. 1966. Steroid transformation by
endocrine organs from pregnant animals . I. Estrogen bio
synthesis by mammalian placental preparation in vitro .
Endocrinol. 79 : 875.
Alexander, D . P. , H. G. Britton, M. L. Forsling, D. A. Nixon and J � G.
Ratcliffe. 1973 . Adrenocorticotropin and vasapressin in
foetal sheep and the response to stress. In C . G . Pierrepoint
(Ed . ) . The Endocrinology of Pregnancy and Parturition .
Experimental Studies in Sheep. Alpha Omega Alpha Publishing ,
Cardiff , United Kingdom .
Anderson , A. B. M. , A. P. F. Flint and A. C . T urnbull. 1975.
Mechanism of action of glucocorticoids in induction of ovine
parturition : effect on placental steroid metabolism. J.
Endocrinol. 66 : 61.
Barnes, R. J. , R. S. Combine and M. Silver. 1976. The effects of
adrenalectomy and hypophysectomy in the foetal lamb . J.
Physiol. 254 : 15P . (Abstr. ).
Bassett , J. M., T. J. Oxbarrow, J. D. Smith and G. D. Thorburn . 1969 .
The concentration of progesterone in the peripheral plasma of
the pregnant ewe. J. Endocrinol. 45 : 449.
Bassett, J. M. and G. D. Thorburn. 1969. Foetal plasma corticosteroids
and the initiation of parturition in the sheep. J. Endocrinol.

44: 285 .

Bassett , J. M. and G. D. Thorburn. 1973. Circulating levels of
progesterone and corticosteroids in the pregnant ewe and it ' s
foetus. In C. G. Pierrepoint (Ed . ) The Endocrinology of
Pregnancy and Parturition. Experimental Studies in the Sheep.
Alpha Omega Alpha Publishing , Cardiff , United Kingdom.
Bedford, C. A. , J. R. G . Challis , F. A. Harrison and R. B. Heap . 1972.
The role of oestrogen and progesterone in the onset of parturi
tion in various species. J. Reprod. Fertil. Suppl . 16 : 1.
Beitins, R. z. , A. Kawa.rski, D. W. Shermeta, R. DeLemos and C. J .
Migeon. 1970 . Fetal and maternal secretion rate of cortisol
in sh e ep : Diffusion resistance of the placenta. Pediatric
Res. 4 : 129.

79

Bengtsson, L. P. and B. M. Schofield. 1960. Hormonal control of
myometrial function during pregnancy in the sheep. J. Reprod.
Fetil. 1 : 402.
Bengtsson, L. P. and B. M. Schofield. 1963. Progesterone and the
accomplishment of parturition in sheep. J. Reprod. Fetil.
5 : 423.
Binns, W., J. F. James and J. L. Shupe. 1964. T oxicosis of Veratrum
Californicum in ewes and it ' s relationship in a congenital
deformity in lambs. Ann. N.Y. Acad. Sci. 111: 571.
Bose, M. J. 1972a. The induction and synchronization of lambing with
the aid of dexamethasone. J. Reprod. Fertil. 28: 347.
Bose, M. J. 1972b. C onsequences sur la parturition, de l ' hypopy
seet omic de la mere ou du foetus , chez la brebio traitee par
le dexarnethasone. C. R. Hebd. Seances Acad. Sci. Ser. D.
274: 93 Bose, M. J. 1973. D onnees actuelles sur le c ontrole de la parturition
chez la brebis et la vache. Rec. Med. Vet. 149 : 1463.
Bose, M. J., C. Delouis and M. Terqui. 1977. C ontrol of the time of
parturition of sheep and goats. In Proc. Management of
Reproduction in Sheep and Goats Symposium. University of
Wisconsin, Madison.
Bose, M. J. and J. Fevre. 1974. Etude du mode d ' action de la
dexamethasone utilisee pur induire l ' agnelage chez la Brebis.
C. R. Acad. Sci. Paris , Ser. D. 278 : 315.
Bosher, D. P. and G. C. Liggins. 1974. Ultrastructural changes in
the placenta associated with the initiation of parturition in
the sheep. Proc. 5th Asia Oceania C ongr. Endocrinol.,
Chandigarh, India.
Challis, J. R. G. 1971. Sharp increase in free circulating oestrogens
immediately before parturition in sheep. Nature (London)
229: 205.
Challis, J. R. G., F. A. Harrison, R. B. Heap, E. W. Horton and N. L.
P oyser. 1972. A possible role of estrogens in the stimulation
of prostaglandin F? output at the time o f parturition in a
sheep. J. Reprod. Fertil. 30: 485.
Challis, J. R. G., J. z. Kendall, J. S. Robinson and G. D. Thorburn.
1977. The regulation of c orticosteroids during late pregnancy
and their role in parturition. Bi ol. Reprod. 16 : 57.

80
- Challis, J. R. G. and G. D. Thorburn. 1975. Pre-natal endocrine
function and the initiation of parturition. Brit. Med. Bull.

31 : 5 7 -

Challis, J. R. G. and G. D. Throburn. 19?6. T he fetal pituitary
adrenal axin and it ' s functional interactions with the
neurohypophysis. In R. Beard and R. W. Nathanielsz ( Eds.)
Fetal Physiology and Medicine. Saunders, London.
Chard, T. 1972. The posterior pituitary in human and animal
parturition. J. Reprod . Fertil . Suppl. 16: 121.
Comline, R. S. and M. Silver. 1961. The release of adrenaline and
noradrenaline from the adrenal glands of the foetal sheep . J .
Physiol. 156 : 424.
Comline, R. S. , M. Silver and I. A. Silver. 1970. Effect of foetal
hypophysectomy on catecholamine levels in the lamb adrenal
during prolonged gestation. Nature (London) 225: 739.
Cox, R. J. 1975. The endocrinologic changes of gestation a.�d
parturition in sheep. Adv. Vet. Sci. Comp. Med. 19 : 287.
Csapo , A. 1961. Defense mechanism of pregnancy. In G. E. W.
Wolstenholme and M . P. Cameron (Eds. ) Progest";rone and the
Defense Mechanism of Pregnancy. Ciba Foundation Study Group
No. 9. Churchill, London.
Csapo , A. I. 1 969. The four direct regulatory factors of myometrial
function. In G. E. W. Wolstenholrue and J. Knight (Eds.)
Progesteron'e: Its Regulatory Effect on the Myometrium. Ciba
Foundation Study Group No. 34. , Churchill, London.
Csapo, A. I. 1977. The ' see-sa�• theory of parturition. In The
Fetus and Birth. Ciba Foundation Symposium (47 New Serie).
Elsevier, Amsterdam.
Currie, W. B. 1977. Endocrinology of pregnancy and parturition in
sheep and goat. In Proc. Management of Reproduction in Sheep
and Goat Symposium. University of Wisconsin, Madison.
Currie, W. B. , M. S. F. Wong, R. I. Cox and G. D. Thorburn. 1973.
Spontaneous or dexamethasone--induced parturition in the sheep
and goat: changes in the plasma concentrations of maternal
prostaglandin F and foetal oestrogen sulphate. Mero. Soc. Endo
crinol. 20: 95 Davis, I. J. and K. J. Ryan. 1972. Comparative endocrinology of
gestation. Vit. and Horm. 30: 223.

81
Denamur, R. and J. Martinet. 1955. Effects de l ' ovoriectonie chez
la brebis pendant la gestation. C. R. Seances Soc. Biol. Fil.
149 : 2105.
Denamur, R. and J. Martinet. 1961. Effects de l'hypophysectomie et
de la section de la trgue pituitaire sur la gestation de la
brebis. Ann. Endocrinol. 21: 755.
Drost, M. and L. W. Holm. 1968. Prolonged gestation in ewes after
foetal adrenalectomy. J. Endocrinol. 4o : 293.
Emady, M. , D. E. Noakes, J. C. Hadley and G. H. Arthur. 1974.
Corticosteroid induced lambing in the ewe. Vet. Rec. 95 : 13.
Findlay, J. K. and R. F. Seamark. 1973. The occurance and metabolism
of oestrogens in the sheep foetus and placenta. In G. C.
Pierrepoint (Ed.) Endocrinology of pregnancy and pa!'turition.
Experimental Studies in the Sheep. Alpha Omega Alpha
Publishing, Cardiff, United Kingdom.
Fitzpatrick, R. J. 1961. Blood and concentration of oxytocin in
labor. J. Endocrinol. 22: xix.
Flint, A. P. F. , A. B. M. Anderson, J. D. Goodson, P. A. Steele and
A. C. Turnbull. 1976. Bilateral adrenalectomy of lambs in
utero: effects on maternal hormone levels at induced parturition.
J. Endocrinol. 69: 433.
Flint, A. P. F. , A. B. M. Anderson, P. T. Patten and A. C. Turnbull.
1974. Control of utero-ovarian venuous Prostagland.in F during
labor in sheep: acute effect of vaginal stimulation. J.
Endocrinol. 63 : 67.
Flint, A. P. F. , M. L. Forsling, M. D. Mitchell and A. C. Turnbull.
1975. Temporal relationship between changes in oxytocin and
prostaglandin F levels in response to vaginal distension in
the pregnant and puerperal ewe. J. Reprod. Fertil. 43: 551.
Fylling, P. 1969. Serial progesterone assays in peripheral blood of
sheep during the last week of pregnancy. Acta Endocrinol.
Suppl. 138: 251.
Fylling, P. 1971. Premature parturition following dexamethasone
administration to pregnant ewes. Acta Endocrinol. 66: 289.
Harman, E. L. 1975. Induction of parturition in the ovine. Ph.D.
Thesis. South Dakota State University, Brookings, South Dakota.
Harman, E. L. and A. L. Slyter. 1974.
the ewe. J. Anim. Sci. 39 : 989.

Induction of parturition in
(Abstr. ) .

82
Heap , R. B. , A . K. A. Galil, F. A. Harrison, G. Jenkin and J . s . Perry.
1977. Progesterone and oestrogen in pregnancy and parturition :
comparative aspects and hierarchical control . In The Fetus and
Birth. Ciba Foundation Symposium (47 New Serie)Elsevier,
Amsterdam.
Heap , R. B. , A. M. Symone and J. C. Watkins. 1971. An int eraction
between oestradial and progesterone in aqueous solutions and
in a model membrane system. Biochem. Biophys. Acta. 233 : 307.
Hindson, J. C., B. M. Schofield and W. R. Ward. 1969 . The effect of
progesterone on recorded parturition and on oxytocin
sensitivity in the sheep. J. Endocrinol. 43 :207.
Hindson, J. C. and W. R. Ward. 1973. Myometrial studies in pregnant
sheep. In C. G . Pierrepoint (Ed. ) The Endocrinolo gy of
Pregnancyand Parturition. Experimental Studies in the Sheep.
Alpha Cmega Alpha Publishing, Cardiff, United Kingdom.
Johnson, P., C. T. Jones , J. Z. Kendall, J . W. Ritchie and G. D.
Thorburn. 1975� ACTH and the induction of parturition in
sheep. J. Physiol. 252 : 64P. (Abstr. ).
Jones, C. T., K. Boddy and J . S. Robinson. 1977. Changes in the
concentration of adrenocorticotrophin and corticosteroid in
the plasma of foetal sheep in the latter half of pregnancy and
during labour. J. Endocrinol. 72 : 293.
Liggins , G. C. 1968. Premature parturition after infusion of
corticotropin or cortisol into foetal lambs. J. Endocrinol.
42 : 323.

Liggins, G. ·c . 1969a . The foetal role in the initiation of parturition
in the ewe . In G. E. W. Wolsteinholme and M. O ' Connor ( Eds. )
Foetal Autonomy . Ciba Foundation Symposium. Churchill, London .
Liggins , G. C. 1969b . Premature delivery of foetal lambs infused
with glucocorticoids. J. Endocrinol. 45 : 515 .
Liggins, G. C. 1973a. Hormonal interactions in the mechanism of
parturition. Mem. Soc. Endocrinol. 20: 19.
Liggins , G. C. 1973b. The physiologic mechanisms controlling the
initiation of ovine parturition. Rec. Frog. Horm. Res. 29: 110.
Liggins, G. C., S. A. Grieves, J. z . Kendall and B. S. Knox. 1972.
The physiological role of progesterone , estradiol-17}3 and
prostaglandin F2� in the control of ovine parturition. J.
Reprod. Fert il. Suppl. 16 : 85.

.

G. C. , R . J. Fa irclough , S. A. Grieves , C. s . Forster and
B. S. Knox. 1977. Parturition in the· she ep. In The Fetus
and Birth. Ciba Foundation Symposium ( 47 New S;;i e) . Elsevi er,
Amsterdam.

Li gg i ns,

G. C. , R. J. Fairclough, S. A. Gri eve s , J. z . Kendall and
B. S. Knox. 1973. The mechanism of initiation of parturition
in the ewe. R ec. Prog. Horm. Res. 29 : 111.

Li ggins ,

Liggins ,

G. C. and P. C. Kennedy. 1968. Effect of electrocoagulation
on the foetal lamb hypophysis on growth and development . J.
Endocrinol. 40 : 371.

a·. C. , P. c . Kennedy and L. W. Holm. 1967. Failure of
initiation of parturition after electrocoagulation of the
pituitary of the fetal lamb. Am. J. Obstet. and Gyn ecol.
98 : 1080.

Liggins,

Lindahl, I. L. and C. E. Terrill. 1974. Synchronization of parturi
t i on in ewes. J. Anim. Sci. 38: 228. (Abstr. ) .
L inzell , J. L. and R. B. Heap. 1968. A comparison of progesterone
metabolism in the pregnant sheep and goat: sources of
production and an estimation of uptake by some target organs.
J. Endocrinol. 41 : 433.
Lucas,

J. M. S. and A. Notman. 1974. The use of corticosteroids to
synchronize parturition in sheep . Bit. Vet. J. 130 : 1.

M itchell , M. D. , A. P. F. Flint and A. C. Turnbull. 1975 . Stimula
tion by oxytocin of prostoglandin F levels in uterine v enuous
effluent and puerperal sheep. Prostoglandins 9 : 47.
Nathanielsz, P. W. , P. M. B. Jack , E. J. Krane , A. L. Thomas , S.
Ratter and L. H. Rees . 1977. The rol e and regulation of
corticotropin in the foetal sheep. In The Foetus and Birth.
Ciba Foundation Symposium (47 New Seri e) . Elsevi er , Amsterdam.
Nathanielsz, R . V. , R. S. Comlin e , M . Silver and R. B. Paisey. 1972.
Cortisol methabolism in the foetal and n eonatal sheep. J.
R eprod. Fertil. 16 : 39.
Obst , J. M. and R. F. Seamark. 1972. Plasma estrogen concentrations
in ewes during parturition. J. Reprod. Fertil. 28 : 161.
Peterson, R. E. 1959. The miscible pool and turnover rate of
adrenocortical steroids in man. Rec. Frog. Horm. Res. 15 : 231.

84
Prud.'homme, M. J. and M. J. Bose . 1977 . Motricite uterine de la
brebis avant , pendant et apres la parturition spontanee ou
apres traitement par la dexamethasone . Ann. Biol . Anim.
Bioch . Biophys . 17 : 9.
Rawlings, N . C. and W. R. Ward . 1973. Note added in proof to
Hindson, J. C. and W. R. Ward. In C . G . Pierrepoint ( Ed. ) .
The Endocrinology of Pregnancy and Parturition . Experimental
Studies in the Sheep . Alpha Omega Alpha Publishing , Cardiff ,
United Kingdom.
Rees, L. H . , P. M. B . Jack, A. L. Thomas and P . W . Nathanielsz. 1975 .
Role. of foetal adrenocorticotropin during parturiti on in sheep .
Nature (London) 253 : 274 .
Rensburg , S. J. van . 1967. Gestation in sheep after foetal
adrenalectomy and cortisol acetate administration. J.
Endocrinol. 38 : 83 .
Rensburg, S. J. van. 1971. Reproductive physiology and endocrinology
of normal and habitually aborting Angora goats. Onderst. J. Vet.
Res . 38 : l.
Roberts, J. s . and L. Shore . 1969. Effects of progesterone and
e.strogen on blood levels of oxytocin during vaginal distension.
Endocrinol. 84: 1076.
Robertson, H. A. and T . C . S meaton. 1973. The concentration of
unconjugated oestrone, oestradiol-l';b<' and oestradiol-17� in
the maternal plasma of the pregnant ewe in relation to the
initiation of parturition and lactation. J. Reprod. Fertil .
35 : 461.
Shevah, Y. 1 974. A note on the use of dexamethasone for inducement
of parturition of Finn x Dorset ewes. Anim. Prod. 18: 89.
Short, R. V. 1969. The foetal role in the initiation of parturition
in the ewe. In G. E. W. Wolstenholme and M . O ' Connor (Eds. )
Foetal Autonomy. Ciba Foundation Symposium.
hurchill,
London.
Skimier, J. D. , W. Jochle, J. W. Nel. 1970. Induction of parturition
in Karakul and Crossbred ewes with flumethasone. Agroanimalia
2 : 99 -

Steel , R. G. D. and J. H. Torrie. 1960. Principles and Procedures
of Statistics. McGraw-Hill Bood Company, New York.

85

Steele, P. A. , A. P. F. Flint and A. C. Turnbull. 1976 . Increased
utero-ovarian androstenedione production before parturition
in sheep. J. Reprod . Fertil. · 46 : 443 .
Thomas, S. J. and C. G. Pierrepoint. 1975 . Studies on the functional
activity of the pituitary adrenal-axis in foetal sheep. Acta
Endocrinol. Suppl. 199: 94 .
Thorburn, G. D., D. H. Nicol, J. M. Bassett, D . A. Shutt and R . I.
Cox . 1972 . Parturition in goat and sheep : changes in
corticosteroids, progesterone , estrogens and prostaglandin.
J. Reprod. Fertil. Suppl. 16 : 61 .
Wyk, L . C. van , C. H. Van Niekerk , P. C. Belonje and W. Jochie. 1972 .
Effect of certain exogenous hormones on the induction of
parturition and post-partum oestrus, and the influence of
shortened gestation on certain pelt characteristics in
Karakul sheep . Agroanimalia 4: 73 -

